AD-A044  651 


UNCLASSIFIED 


HARVARD  UNIV  CAMBRIDGE  MASS  60RD0N  MCKAY  LAB  F/«  9/5 

THE  BEVERABE  WAVE  ANTENNA:  CURRENTS'  CHARGES  AND  ADMITTANCES  VO~CTC<U> 
FEB  77  R M SORBELLO  F19628-76-C-0057 


SCIENTIFIC*! 


RADC-TR-77-B2-V0L-2 


RADC-TR-77-82,  Vol.  II  (of  two) 
Scientific  Report  No.  1 (Vol.  II) 
February  1977 

t 


THE  BEVERAGE  WAVE  ANTENNA:  CURRENTS,  CHARGES  AND  ADMITTANCES 

Vol.  II.  Experimental  Measurements 


by 


Robert  M.  Sorbello 


Gordon  McKay  Laboratory,  Harvard  University 
Division  of  Engineering  and  Applied  Physics 
Cambridge,  MA  02138 


i 

ROME  AIR  DEVELOPMENT  CENTER 
AIR  FORCE  SYSTEMS  COMMAND 
GRIFFISS  AIR  FORCE  BASE,  NEW  YORK  13441 


• ■ 'Hiwwn.i' s mm **■> 


This  report  has  been  reviewed  by  the  RADC  Information  Office  (01)  and  is 
releasable  to  the  National  Technical  Information  Service  (NT1S).  At  NTIS 
it  will  be  releasable  to  the  general  public,  including  foreign  nations. 


APPROVED: 


y 


)HITF.  Me  I LVENNA 
Project  Engineer 


APPROVED: 


ALLAN  C.  SCHELL,  Acting  Chief 
Electromagnetic  Sciences  Division 


FOR  THE  COMMANDER: 


Plans  Office 


SECURITY  CLASSIFICATION  OF  This  PAGE  flFhen  Data  Entered; 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

t.  REPORT  NUMBER 

RADC-TR-7 7-82 , Vol  II  (of  two) 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT’S  CATALOG  NUMBER 

«.  TITLE  (and  Subtitle) 

THE  BEVERAGE  WAVE  ANTENNA:  CURRENTS,  CHARGES  AND 
ADMITTANCES.  Vol.  II.  Experimental  Measurements. 

5.  TYPE  OF  REPORT  6 PERIOD  COVERED 

Scientific  Report  No.  1 

6 PERFORMING  ORG.  REPORT  NUMBER 

7.  AuTHORfa; 

8 CONTRACT  OR  GRANT  NUMBERf*; 

F19628-76-C-0057  and  Joint 

Robert  M.  Sorbello 

Services  Electronics  Program 

Contract  N00014-75-C-0648 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  6 WORK  UNIT  NUMBERS 

Gordon  McKay  Laboratory,  Harvard  University 

61102F 

Division  of  Engineering  and  Applied  Physics 
Cambridge,  Mass.  02138 

5635-06-01 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

12.  REPORT  DATE 

Deputy  for  Electronic  Technology  (RADC/ETER) 

February  1977 

Hanscom  AFB,  MA  01731 

13  NUMBER  OF  PAGES 

Contract  Monitor:  John  F.  Mcllvenna 

248 

14  MONITORING  AGENCY  NAME  a ADDRESS!-!/  different  from  Controlling  Office) 

15.  SECURITY  CLASS,  (of  thle  report ) 

UNCLASSIFIED 

15a.  DECLASSIFICATION  DO'*  "»,NG 

SCHEDULE 

16-  DISTRIBUTION  STATEMENT  (of  this  Report; 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  the  abetracf  entered  in  Block  20.  It  different  from  Report) 


IE.  SUPPLEMENTARY  NOTES 


19  KEY  WORDS  (Continue  on  reverse  side  if  necessary  and  identify  by  block  number) 

horizontal-wire  antennas  over  an  imperfectly  conducting  half-space 

Beverage  wave  antennas 

effect  of  half-space;  end  effects 

currents,  charges  and  input  admittances 

experimental  measurements 

20  ABSTRACT  ( Continue  on  reverse  side  If  necessary  and  identify  by  block  number) 

This  report  presents  the  results  of  an  experimental  and  theoretical  investi- 
gation of  the  circuit  properties  of  horizontal-wire  antennas  placed  over  an  im- 
perfectly conducting  half-space.  Particular  emphasis  is  given  to  the  Beverage 
wave  antenna,  a special  type  of  horizontal-wire  antenna  placed  in  close  proximi- 
ty to  the  earth.  Earlier  work  has  generally  assumed  a free-space  wave  number  on 
the  wire,  thus  neglecting  the  effect  of  the  half-space.  The  present  study  has 
carefully  investigated  experimentally  the  effect  of  the  half-space  on  the  prop- 


DD  , 1473 


EDITION  OF  I NOV  65  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Enlcrfd; 


SECURITY  CLASSIFICATION  OP  THU  PAOefHTun  Dm !•  Bnltr.d) 

20.  ABSTRACT  (continued) 

erties  of  the  antenna  (current,  charge  and  input  admittance)  and  has  included 
this  effect  in  all  theories  discussed. 

The  theoretical  analysis,  appearing  in  Part  I of  Vol.  I,  involves  several 
aspects.  The  theory  of  King,  Shen  and  Wu  for  horizontal  wires  over  an  imper- 
fectly conducting  half-space  was  verified  experimentally.  Discrepancies  ob- 
served in  certain  cases  were  attributed  to  end  effects,  not  accounted  for  in  the 
theory.  Two  semi-empirical  theories  were  subsequently  developed  which  included 
contributions  due  to  end  effects.  Both  provided  good  agreement  with  the  meas- 
ured data.  The  theory  of  King  was  extended  to  include  the  Beverage  wave  antenna 
and  comparison  with  measured  results  proved  quite  acceptable. 

Distributions  of  current  and  charge  as  well  as  the  input  admittance  were 
measured  on  dipole  antennas  and  on  Beverage  wave  antennas  that  ranged  in  length 
from  .5Xq  to  1.5Xo  and  were  placed  at  heights  of  from  .OIXq  to  .25Xq  above  three 
different  media  - fresh  water,  salt  water,  and  moist  earth.  A description  of 
the  experimental  design  and  system  calibration  is  contained  in  Part  II  of  Vol.  I. 
The  measured  data  are  presented  and  discussed  in  Vol.  II  (Part  III  of  the  re- 
port). The  effects  of  the  wire  height  and  of  the  parameters  of  the  dissipative 
medium  are  noted.  Special  attention  is  given  to  the  transmission-line  nature 
of  the  measured  currents  and  charges  and  to  the  measured  wave  number. 
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PART  III 

EXPERIMENTAL  MEASUREMENTS 


3.1.  Introduction 

A systematic  study  of  the  horizontal-wire  antenna  over  a dissipative 
half-space  and  of  the  special  case  of  the  modified  Beverage  antenna  is  pre- 
sented. The  study,  which  is  mainly  experimental  in  nature,  is  concerned 
with  the  electrical  characteristics  of  these  antennas  and  how  they  are  af- 
fected by  the  height  of  the  antenna  and  the  electrical  properties  of  the 
medium  over  which  the  wire  is  placed.  Essentially,  this  involves  measuring 
the  distributions  of  surface  current  and  charge  on  these  antennas  and  ob- 
serving the  corresponding,  effects  due  to  changes  in  the  several  parameters. 

Theoretically,  once  the  current  distribution  is  known,  all  the  electri- 
cal properties  of  the  antenna  can  be  evaluated  in  a straightforward  manner. 
Due  to  the  complexities  of  the  feeding  system,  in  most  current  measurements 
only  relative  distributions  are  obtained.  To  normalize  these  distributions 
properly,  the  characteristics  of  the  feeding  system  must  be  determined.  For 
the  conventional  coaxial-line  feed  the  normalization  problem  resolves  itself 
into  determining  the  antenna  input  impedance.  Since  the  input  impedance  is 
necessary  for  an  overall  understanding  of  the  current  distribution,  impedance 
measurements  were  included  in  the  study. 

Another  important  quantity,  the  distribution  of  charge  per  unit  length, 
can  be  obtained  from  the  current  distribution  through  the  use  of  the  contin- 
uity equation.  The  charge  distribution  is  often  used  to  study  the  near-zone 
electric  field  of  the  antenna  and  to  obtain  a better  understanding  of  the 
overall  electromagnetic  interaction  of  the  wire  especially  near  the  end  and 
at  the  driving  point.  Since  the  use  of  the  continuity  equation  involves 
differentiation  of  the  current,  small  errors  in  the  measured  current  can 
cause  large  inaccuracies  in  the  calculated  charge  distribution.  To  avoid 
this  problem,  it  was  decided  to  include  measurements  of  the  surface  charge 
distribution  in  the  analysis. 

In  presenting  the  data,  comparisons  are  made  whenever  possible  between 
the  measured  quantities  and  the  associated  analytic  expressions  developed  in 
Part  I (Volume  I).  In  fact,  one  of  the  major  purposes  of  the  experimental 
analysis  is  to  verify  the  theoretical  work  of  King  [1]  and  the  feasibility 


of  the  modified  Beverage  antenna.  The  limitations  on  King's  zeroth-order 
theory  and  its  ranges  of  applicability  are  discussed.  For  certain  types  of 
dissipative  media  the  expression  for  the  theoretical  wave  number  given  by 
equation  (1.7)  can  be  shown  to  be  in  error.  This  is  due  primarily  to  the 
fact  that  the  basic  restrictions  given  in  (1.3a)  are  violated  for  these 
media.  Empirical  evidence  shows  that,  although  the  wave  numbers  are  in 
error,  the  zeroth-order  form  for  the  current  and  charge  distributions  are 
still  maintained. 

In  all  cases  the  measurements  are  compared  either  to  completely  theore- 
tical expressions  that  are  based  on  the  developments  in  Part  I and  use  (1.7) 
or  to  a semi-empirical  theory  which  utilizes  the  zeroth-order  forms  for  the 
current,  charge  and  admittance  and  the  measured  effective  wave  numbers.  The 
effective  wave  number  is  defined  as  the  wave  number  observed  on  the  unloaded 
dipole  antenna;  corrections  for  end  effects  are  neglected.  If  the  antenna 
end  effect  is  small,  the  effective  wave  number  and  the  wave  number  given  by 
(1.7)  are  identical.  For  significant  end  effects  the  measured  wave  number 
will  include  a contribution  due  to  the  end  effect.  This  contribution  will 
primarily  affect  the  observed  attenuation  on  the  antenna.  Since  the  end  ef- 
fect is  actually  a lumped  correction  occurring  at  the  end  of  the  antenna  and 
the  attenuation  is  a distributed  parameter,  the  use  of  a measured  effec- 
tive attenuation  is  clearly  only  an  approximation.  For  low  attenuation  and 
large  end  corrections  this  approximation  becomes  increasingly  worse.  This 
approach  was  taken  initially  by  necessity  since  the  end  effects  were  not 
well  understood  and  could  not  be  eliminated.  It  was  also  believed  that  the 
effects  would  be  small. 

A second  semi-empirical  theory  was  developed  subsequently  which  ac- 
counts for  both  the  capacitive  end  effect  and  the  radiation  loss  through  a 
complex  terminal  function  9g  composed  of  a terminal  attenuation  function  pg 
and  a terminal  phase  function  $g.  This  approach  is  described  in  Section  1.8 
of  Volume  I.  The  experimentally  determined  quantities  pg  and  $g  correspond, 
respectively,  to  the  increased  magnitude  and  the  shift  in  that  are  ob- 
served to  occur  in  both  the  measured  data  and  the  theoretical  values  (based 
on  an  effective  wave  number)  compared  here  in  Part  III.  The  slight  varia- 
tions that  remain  are  due  to  junction  effects  which  were  not  included  in  the 
analysis.  Comparisons  between  this  theory  and  the  measured  data  are  in  Figs 
1.23  through  1.33  (Volume  I). 
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3.2.  Measuring  Procedure 

The  three  types  of  media  over  which  the  antennas  were  placed  were  fresh 
water,  salt  water,  and  moist  earth.  They  were  chosen  because  they  represent 
the  three  most  common  media  over  which  these  types  of  antennas  can  be  used 
and  exhibit  a wide  range  of  relative  dielectric  constants  and  loss  tangents 
at  the  operating  frequency  of  300  MHz.  The  electrical  properties  of  the 
three  media  were  measured  with  the  techniques  discussed  in  Part  II  and  were 
remeasured  periodically  to  ensure  uniformity  throughout  the  experiments.  In 
the  remaining  discussions  the  terms  fresh  water,  salt  water,  and  moist  earth 
will  refer  to  media  with  the  following  electrical  properties: 


Media 

e 

r 

o (mhos/m) 

e 

300  MHz 

Average 

Temperature  #C 

Fresh  Water 

82 

.092 

.067 

17.5 

Salt  Water 

81 

3.9 

2.885 

21.5 

Moist  Garth 

11.4 

.0022 

.012 

'V/  -> 

The  current  and  charge  distributions  on  monopole  antennas  over  each  of 
these  media  were  measured  for  heights  of  d/X^  ■ .01,  .02,  .05,  .1  and  .25. 

At  each  height  three  monopole  lengths  were  investigated,  namely,  h/Xg  » .5, 
1.0,  and  1.5.  For  the  Beverage  antenna  the  same  combination  of  antenna 
spacing8  and  lengths  was  used  by  simply  connecting  the  resistive  load  and 
the  quarter-wave  section  to  the  end  of  the  monopole.  Hence  the  overall 
lengths  of  the  Beverage  antennas  were  s * ,5Xg  + X^/4,  + X^/4,  1.5Xq 

+ X^/4  where  for  most  cases  of  interest  X^  f Xg. 

To  ensure  that  the  height  of  the  antennas  would  remain  as  uniform  as 
possible  for  all  cases,  polyfoam  floats  were  fabricated  precisely  on  a mill- 
ing machine  and  were  placed  under  the  wire  for  support.  The  book  value  for 
the  relative  dielectric  constant  of  the  polyfoam  was  e < 1.04.  The  pres- 
ence of  the  floats  under  the  wire  produced  no  noticeable  effects  on  the 
measured  currents  or  input  impedances.  Since  It  was  still  possible  that  the 
weight  of  the  antenna  could  partially  submerge  the  floats,  a pulley  system 
was  designed  to  balance  the  weight  of  the  wire.  Nylon  string  was  looped 


around  the  wire  at  three  or  four  positions  along  its  length,  passed  through 
a set  of  pulleys  located  about  6 ft.  above  the  tank,  and  then  passed  through 
another  set  of  pulleys  and  counterweighted  appropriately  at  the  end.  With 
this  arrangement  it  was  possible  to  place  the  wire  over  the  floats  so  that 
it  would  just  touch  the  polyfoam  but  would  not  exert  any  weight  on  it. 

The  current  and  charge  distributions  were  measured  by  moving  the  loop 
and  monopole  probes  along  the  slot  cut  in  the  antenna.  Connecting  the  B 
channel  of  the  vector  voltmeter  to  the  probe  output  and  the  A channel  to  a 
phase  reference  permits  continuous  monitoring  of  the  current  or  charge.  For 
the  Beverage  antenna  it  was  possible  to  probe  current  and  charge  only  up  to 
the  resistive  load.  With  the  placement  of  the  solid  resistor  into  the  line 
it  was  impossible  to  move  the  probes  beyond  this  point  to  measure  the  cur- 
rent and  charge  on  the  quarter-wave  section.  Altshuler  [2]  has  shown  that 
for  a similar  situation  the  measured  currents  on  the  quarter-wave  section 
are  found  to  be  approximately  sinusoidal,  as  would  be  expected  for  a reson- 
ant element.  Thus,  by  knowing  the  current  or  charge  distribution  up  to  the 
resistive  load,  the  distributions  on  the  quarter-wave  section  can  be  pre- 
dicted quite  easily.  In  presenting  the  data,  the  theoretical  current  and 
charge  distributions  on  the  quarter-wave  section  are  included  to  show  the 
behavior  of  this  current  and  charge. 

The  only  other  limitations  in  the  current  and  charge  measurements  were 
mechanical  in  nature.  Restrictions  due  to  the  construction  of  the  line  made 
it  impossible  to  make  measurements  directly  to  the  end  of  the  antenna  or  to 
the  junction  at  the  driving  point.  The  charge  probe  was  allowed  to  come 
within  1.3  cm  of  the  end  of  the  line  while  the  current  probe  could  get  no 
closer  than  1,9  cm.  For  measurements  near  the  driving  point  the  current 
probe  could  come  to  within  .3  cm  of  the  junction  and  the  charge  probe  could 
travel  to  within  .9  cm. 

The  arrangement  of  the  measuring  equipment  was  shown  previously  in  Fig. 
2.2(b).  The  block  diagram  for  the  experiment  is  presented  in  Fig.  3.1.  All 
equipment  was  connected  through  a 25  Watt  voltage  regulator  which  isolates 
the  apparatus  from  any  spurious  responses  or  drift  in  the  line  voltage.  The 
300  MHz  source  consisted  of  a Hewlett-Packard  3200  B VHF  oscillator  and  an 
accompanying  Hewlett-Packard  230B  power  amplifier.  The  oscillator  exhibited 
remarkable  stability  after  a warm-up  period  of  one  hour.  Frequent  checks 


were  made  to  detect  any  power  drift  in  the  oscillator  and  the  frequency 
stability  was  monitored  constantly  through  the  use  of  a frequency  counter. 

No  problem  with  harmonic  generation  was  encountered  throughout  the  experi- 
ment. The  current  and  charge  could  be  measured  simultaneously  at  each  posi- 
tion by  using  a coaxial  switch.  This  eliminated  the  more  time-consuming 
process  of  making  one  complete  set  of  current  measurements  and  then  starting 
again  to  measure  the  charge.  At  the  end  of  each  complete  current  and  charge 
measurement  the  input-power  level  was  rechecked  by  measuring  the  response  of 
the  current  probe  when  placed  as  near  to  the  driving  point  as  possible. 

This  was  to  ensure  that  the  power  level  had  not  changed  during  the  course  of 
the  measurements.  If  a significant  power  change  was  recorded,  the  measure- 
ment was  repeated. 

To  be  as  accurate  as  possible  in  making  the  impedance  measurements,  the 
calibration  procedure  for  the  impedance  block  was  performed  before  and  after 
each  set  of  measurements.  With  the  measuring  line  more  than  12  ft.  in 
length,  it  was  a very  delicate  procedure  to  connect  the  line  to  the  ground 
plane.  Even  with  the  line  attached  to  the  pulley  system,  slight  variations 
back  and  forth  or  up  and  down  could  generate  a large  amount  of  torque  at  the 
flanged  end  of  the  line.  Through  the  use  of  a level,  the  line  was  balanced 
as  accurately  as  possible  before  being  inserted  through  the  hole  in  the 
ground  plane.  Clamps  were  then  used  to  hold  the  line  firmly  in  place  and  to 
prevent  any  sway.  Due  to  the  fact  that  differing  amounts  of  tension  were 
applied  to  the  line  while  being  held  by  the  clamps,  variations  in  the  cali- 
bration constants  of  the  impedance  block  were  noticed.  This  was  determined 
to  be  due  to  the  slight  movement  off  center  of  the  inner  conductor  of  the 
feed  line  when  the  outer  conductor  was  flexed  slightly.  The  impedance 
probes  were  found  to  be  very  sensitive  to  this  movement  and,  thus,  to  alle- 
viate this  problem  triangular  rexolite  spacers  were  inserted  into  the  feed 
line  with  care  being  taken  not  to  include  any  in  the  section  between  the 
driving  point  and  the  plane  of  the  impedance  probes.  Accuracy  was  further 
ensured  by  rechecking  the  calibration  every  time  the  position  of  the  line 
was  moved. 

Impedance  measurements  were  initiated  with  the  longest  antenna  length 
and  were  continued  on  progressively  shorter  lengths  by  withdrawing  the  an- 
tenna into  the  feed  line.  With  the  placement  of  the  polyfoam  floats  needed 
for  each  complete  set  of  impedance  measurements,  it  was  much  easier  to 
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position  the  floats  first  and  draw  in  the  antenna  than  it  was  to  increase 
the  antenna  length  and  periodically  add  more  support  floats.  Since  it  was 
still  necessary  to  support  the  wire  with  nylon  string,  the  height  of  the  an- 
tenna had  to  be  checked  each  time  the  length  of  the  antenna  was  decreased 
to  ensure  that  excessive  tension  from  the  string  had  not  bent  the  antenna 
upward  from  its  level  position.  Over  a period  of  time  contact  problems  de- 
veloped  due  to  the  constant  wear  from  sliding  the  antenna  in  and  out  at  the 
driving  point.  When  the  antenna  does  not  make  proper  contact  at  the  driving 
point,  meter  readings  become  unsteady  and  erroneous  measurements  result.  To 
overcome  this  problem,  a thin  layer  of  silver  conducting  paint  was  applied 
to  the  antenna  to  provide  a tight  electrical  contact  at  the  driving  point. 
The  antenna  was  repainted  before  each  set  of  impedance  measurements  to  guar- 
antee good  contact  along  sections  where  the  paint  may  have  worn  off. 

3.3.  Presentation  of  Measured  Data  for  a Dipole  Antenna  Above  a Dissipative 

Half-Space 

The  measurements  for  a dipole  antenna  placed  above  a variety  of  dissi- 
pative media  are  presented  in  this  section.  The  section  will  be  divided 
into  three  parts  for  the  three  different  media  treated  (fresh  water,  salt 
water,  and  moist  earth).  The  current  and  charge  data  are  presented  in  order 
of  increasing  d/X^  spacings.  For  each  spacing  measurements  are  presented 
for  antenna  lengths  of  1.5Xq,  X^  and  . 5Xq.  All  measurements  are  compared 
either  to  King's  theory  [1]  when  valid  or  to  a semi-empirical  theory  based 
on  the  measured  effective  wave  number.  Data  points  were  measured  every  2.5 
cm  and  numbered  61,  41  and  21,  respectively,  for  antenna  lengths  of  1.5Xq, 

Xq  and  -5Xq.  This  number  of  data  points  for  each  length  was  shown  to  pro- 
vide sufficient  resolution  to  represent  the  actual  current  and  charge  dis- 
tributions accurately. 

The  measured  data  were  normalized  to  the  accompanying  theoretical  curve 
at  z/h  = .2  or  to  a smooth  part  of  the  curve  in  the  immediate  vicinity  of 
this  point.  Normalization  to  the  driving  point  at  z = 0 by  means  of  the 
measured  input  admittance  was  not  attempted  owing  to  the  problems  involved 
with  the  junction  effects  [3].  In  some  cases  end  effects  did  not  permit 
normalization  at  z/h  = .2.  In  these  situations  the  data  were  normalized  by 
aligning  the  peaks  of  the  magnitude  curve.  Further  discussion  on  this  and 
the  end-effect  problem  is  given  in  Sfection  3.5. 


The  admittance  data  are  presented  in  both  the  rectangular-plot  form 
with  B^h  as  the  independent  variable  and  in  the  circular-diagram  form.  For 
each  respective  medium  the  admittances  are  presented  in  order  of  increasing 
d/Xg  spacing.  All  admittance  measurements  are  made  for  monopole  lengths 
ranging  from  .0131^  to  1.5Xq  (1.3  cm  to  130  cm)  and  were  recorded  at  inter- 
vals of  2.5  cm.  An  interval  of  this  size  was  small  enough  to  provide  an  ac- 
curate representation  of  the  input  admittance.  The  admittance  -urves  dis- 
play the  apparent  input  admittance  uncorrected  for  junction  effects.  King 
has  shown  [4]  that  when  a monopole  is  driven  by  a coaxial  line  through  a 
ground  plane,  a negative  terminal-zone  capacitance  with  admittance  Y^,  = jmC^, 
must  be  added  to  the  measured  apparent  admittance,  Yin»  to  give  the  actual 

admittance  of  the  isolated  monopole,  Y , . Hence, 

’ monopole  ’ 

Yin  = Ymonopole  + ^uCT 

where  is  determined  from  curves  in  [4]  for  b/a  * 2.3,  C = 133.2  pF/m  to 
be : 


CT  = -.423  PF  (3.2) 

Note  that  C^,  includes  the  effect  of  the  rexolite  spacer  (e  ■ 2)  at  the 
driving  point.  At  the  operating  frequency  of  300  MHz,  the  terminal-zone  ad- 
mittance Y^  is: 

Y^  = jwCT  *=  -j.814  millimhos  (3.3) 

It  is  apparent  that  the  terminal-zone  correction  affects  only  the  suscep- 
tance  and  that  the  measured  conductance  values  are  unaltered. 

Fresh-Water  Measurements 

The  fresh-water  solution  used  for  these  measurements  corresponds  to 
solution  number  2 in  Section  2.5.  The  electrical  properties  were  measured 
to  be  = 82  and  cf  * .092  mhos/m  at  20°  C.  During  the  course  of  these 
measurements  the  temperature  of  the  fresh  water  varied  between  15°  C and  20° 
C.  For  the  measurements  taken  at  d/Xg  “ .01,  the  water  temperature  was  ini- 
tially 20°  C.  The  water  gradually  cooled  so  that  for  the  final  measurements 
at  d / Xq  * .25,  the  temperature  was  recorded  at  15“  C.  Measurement  of  the 
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electrical  properties  of  the  water  at  both  these  temperatures  revealed  no 
noticeable  change.  This  agrees  with  previous  investigations  [5]  made  over  a 
similar  temperature  range. 

The  measured  current  and  charge  distributions  are  presented  in  Figs. 

3.2  through  3.18.  The  measured  data  are  represented  by  dots.  Tabulation  of 
the  normalized  data  and  the  raw  data  is  given  in  Appendix  B.  An  examination 
of  these  curves  reveals  the  following  important,  results: 

1)  For  d/Xg  = .01  and  .02  (Figs.  3.2  through  3.7)  the  measured  current 
and  charge  are  compared  with  the  theoretical  expression  developed  by  King 
[equations  (1.6)  and  (1.18)  with  (1.7)].  The  agreement  is  seen  to  be  quite 
good  for  all  antenna  lengths.  For  d/Xg  *=  .01  the  measured  wave  number  is 
within  1%  of  the  theoretically  predicted  wave  number  of  (1.7);  while  for 
d/Xg  = .02  the  wave  numbers  are  within  3%  with  still  very  acceptable  results. 
Departure  from  the  theory  is  evident  at  the  driving  point  and  at  the  end  of 
the  antenna.  These  variations  are  due  to  the  junction  effect  at  the  driving 
point  and  to  the  antenna  end  effect,  neither  of  which  can  be  taken  into  ac- 
count in  the  zeroth-order  theory  of  King.  It  is  interesting  to  note  that  one 
of  the  initial  restrictions  on  this  theory  is  that  6gd  <<  1 [equation  (1.3)]. 
The  fact  that  at  d/Xg  = .02  the  agreement  is  still  good  implies  that  this 
condition  is  not  as  restrictive  as  originally  presumed.  This  would  agree 
with  the  subsequent  restriction  on  the  size  of  h/d. 

2)  At  d/Xg  = .05  and  .1,  significant  differences  begin  to  arise  in  the 
comparison  between  theory  and  experiment.  The  disagreement  occurs  mainly  in 
a , the  attenuation  constant,  where  the  theoretical  value  for  a is  found  to 

L L, 

be  significantly  smaller  than  the  measured  effective  value.  This  is  observed 
in  Figs.  3.8  and  3.12  which  compare  King's  theory  to  the  experimental  data. 
The  deeper  theoretical  nulls  reflect  the  discrepancy  in  the  attenuation. 

For  d/X(j  = .1  noticeable  departure  in  the  phase  constant  8^  is  also  observed. 
At  these  heights  the  measured  data  appear  to  be  shifted  toward  the  end  of 
the  line.  This  is  due  to  the  end  effect  of  the  line  which  makes  the  antenna 
appear  to  be  longer  than  it  is.  The  shift  is  not  due  to  any  error  in  the 
wave  number.  A further  discussion  on  end  effects  will  be  postponed  until 
Section  3.5.  For  d/Xg  = .05  and  .1,  errors  in  of  20%  and  50%,  respec- 
tively, were  considered  unacceptable.  Without  further  confirmation,  it  was 
believed  that  the  large  discrepancies  between  the  theoretical  attenuation 
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FIG. 3.2.  CURRENT  AND  CHARGE  D'STR! BUTlON  ON  MONCPOLE  OVER 
FRESH  WATER,  h/X^  ] d AND  (J/Xq-.OI 
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o)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 

FIG.  3.3.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER;  h /X 0 = 1 ANDd/X0=.OI. 


a)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 

FIG.  3. 6. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER,  h/X0  1 1 d/X0*.0 2. 
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Fip.  3.7. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOK)LE  OVER 
FRESH  WATER;  h/X0=.5  AND  d/X0^,02. 
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o)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 

FIG  3.8.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 

FRESH  WATER  USING  THEORETICAL  WAVENUMBER,  h/X0*  1.5  AND 
cJ/Xq  = .05- 


■ 


<f>  DEGREES 


|I  | ma/Volt 


o)  CURRENT  DISTRIBUTION 


-600  -300  100  0 10  20 

DEGREES  |Q|  picocoul/ Volt-m 
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FIG- 3.9.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  MEASURED  WAVENUMBER.  h/X0  AND 
d/A0  =.05 
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FIG  3. 10.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  MEASURED  WAVENUMBER;  h/X0  = 1 AND 
d/X0  = .05. 
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FIG.  3.11.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  MEASURED  WAVENUMBER,  h/A0=.5AN[ 
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FIG.3.12CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  THEORETICAL  WAVE  NUMBER; 
h/X 0 * 1.5  AND  d / X 0 = 1. 
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4>  DEGREES  HI  ma/volt 

o)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 

FIG.  3.13CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USl NG  MEASURED  WAVENUMBER; 
n/A0-  1.5  AND  d/X0 : I. 
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FIG  3. 14. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  MEASURED  WAVENUMBER, 
h/X0=  I AND  d/X0  = 1. 
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FIG -3. 15. CUR  RENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
FRESH  WATER  USING  MEASURED  WAVENUMBER' 
h/X0-.5  AND  d/X0  = .l. 
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FIG  3.16.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE 
OVER  FRESH  WATER  USING  MEASURED  WAVENUMBER; 
h/Xn  = 1.5  AND  d/Xn  =25- 
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FIG. 3. 17.  CURRENT  AND  CHARGE  ON  MONOPOLE  OVER  FRESH 
WATER  USING  MEASURED  WAVENUMBER;  h/A0  = ! AND 
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given  by  (1.7)  and  the  measured  attenuation  could  depend  on  one  or  both  of 
the  following.  The  possibility  that  a fundamental  limitation  exists  in  the 
d/A^  quantity  is  strong.  Speculation  that  the  d/A^  quantity  is  unimportant 
as  long  as  h/A^  is  large  may  be  plausible,  but  exactly  how  large  h/A ^ must 
be  is  not  specifically  known.  It  is  quite  possible  that  for  the  cases  being 
studied  the  transmission-line-like  behavior  may  diverge  at  this  height.  The 
second  possibility  is  that  a significant  end  effect  is  present  which  would 
cause  the  effective  attenuation  to  be  higher  than  the  theoretical  value. 

Since  the  slight  shift  in  the  measured  data  could  be  caused  by  the  end  ef- 
fect, there  is  strong  evidence  in  this  direction.  This  problem  is  discussed 
in  Section  1.8  (Volume  I)  where  it  is  determined  that  the  discrepancies  are 
due  to  the  end  effect.  In  any  case,  to  overcome  this  problem  a semi-erapiri- 
cal  solution  was  developed  which  utilizes  the  zeroth-order  form  for  the  cur- 
rent and  charge  derived  by  King  with  the  measured  effective  wave  number  ob- 
tained from  the  experiment.  The  comparison  between  this  solution  and  the 
measurements  is  given  in  Figs.  3.9  through  3.11  and  3.13  through  3.15.  The 
figures  show  that  the  zeroth-order  form  still  holds  and  that  by  using  the 
measured  effective  wave  number  the  corresponding  results  are  quite  good. 

3)  At  the  highest  spacing,  d/A^  = .25,  the  semi-enpirical  solution  was 
also  used.  The  results  are  presented  in  Figs.  3.16  through  3.18.  It  ap- 
pears that  at  this  height  the  forms  of  the  current  and  charge  begin  to  de- 
part somewhat  from  the  sinusoidal.  This  is  especiallv  apparent  near  the 
driving  point.  It  would  seem  that  at  this  height  the  influence  of  the  med- 
ium is  diminishing  and  the  form  of  the  current  and  charge  is  approaching 
that  of  an  isolated  antenna.  Alternatively,  it  is  quite  possible  that  the 
end  correction  is  sufficientlv  large  to  give  this  appearance.  In  either 
case,  the  serai-empirical  solution  still  provides  good  approximate  represen- 
tations for  the  current  and  charge. 

In  Fig.  3.19  the  theoretically  predicted  wave  numbers  from  (1.7)  for 
an  antenna  over  fresh  water  are  compared  with  the  measured  effective  wave 
numbers  obtained  from  the  previous  data.  Note  that  for  the  8^/Bq  curve  all 
measured  values  are  within  5%  of  the  theoretical  curve.  For  the  /6j  curve, 
however,  the  agreement  is  good  only  for  the  two  cases  of  d/A(,  = .01  and  .02. 
At  heights  of  d/A^  = .05  and  greater,  the  error  in  exceeds  20",  as  is 
easily  seen  from  the  comparison  in  Fig.  3.19. 
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The  measured  effective  wave  numbers  were  obtained  by  using  standard 
transmission-] ine  techniques.  At  each  height  the  difference  between  charge 
nulls  was  measured  on  an  antenna,  1.5Aq  in  length,  to  determine  the  phase 
constant  of  the  line.  Ttie  measurements  were  made  at  the  nulls  because 
thev  tend  to  be  much  more  sharply  defined  than  the  peaks  of  the  curve,  re- 
sulting in  better  accuracy.  The  charge  distribution  was  measured  rather 
than  the  current  since  the  charge  probe  has  less  of  an  averaging  effect  than 
the  current  probe.  The  attenuation  constant  was  determined  by  measuring  the 
position  of  the  peaks  and  nulls  of  the  current  distribution  as  well  as  the 
magnitude  of  the  current  at  these  points  and  then  utilizing  the  following 
relationship : 


1SWR  = 


max 


cosh (a,  w + p ) 
I,  1 s_ 

sinh(a  w0  + 


(3.4) 


where  Pg,  the  terminal  attenuation  function,  is  equal  to  zero  for  an  open 
circuit  with  no  appreciable  end  effect  and  v^,  w?  are  the  distances  from  the 
end  of  the  antenna  to  the  current  peak  and  null,  respectively. 

With  Sj,  w^  and  determined  experimentally,  can  be  solved  for  bv 
iteration.  Equation  (3.4)  was  programmed  on  a Hew] et t-Packard  9821A  calcu- 
lator to  obtain  the  desired  results  for  a. . For  significant  end  effects,  p 

L s 

is  no  longer  zero  and  the  solved  for  is  not  the  true  attenuation  but  an 
effective  value  which  includes  a contribution  due  to  og.  When  pg  is  compar- 
able in  magnitude  to  ot^h,  the  concept  of  an  effective  cannot  be  used.  It 
turns  out  that  this  is  the  situation  that  exists  for  d/A(1  = .25.  This  spe- 
cial case  is  discussed  in  detail  in  Section  1.8  in  Volume  I. 

The  input  admittance  measurements  for  a monopole  over  fresh  water  are 
shown  in  Figs.  3.20  through  3.24  with  the  corresponding  circle  diagrams  in 
Figs.  3.25  through  3.29.  At  d/A^  = .01  and  .02,  the  measured  input  admit- 
tance is  compared  with  the  theoretical  admittance  obtained  by  King  in  (1.16). 
As  with  the  current  and  charge  distributions,  the  agreement  between  experi- 
mental and  predicted  results  is  good  considering  that  the  zeroth-order  theory 
contains  no  corrections  for  end  or  junction  effects.  In  the  other  three 
cases,  d/AQ  = .05,  .1,  and  .25,  the  measured  data  are  compared  with  the 
transmission-line  form  for  the  admittance  given  by  (].16)  with  the  measured 
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o)  INPUT  ADMITTANCE 
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FIG-  3.21JNPUT  ADMITTANCE  OF  MONOPOLE  OVER  FRESH  WATER', 
d/X0  = .02  AND  a/X0  - .0015 
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FIG3. 22.  INPUT  ADMITTANCE  OF  MONOPOLE  OVER  FRESH  WATER 
USING  MEASURED  KL;  d/X0=.05  AND  a/X0  = .0015 
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FIG.  3.23.  INPUT  ADMITTANCE  OF  MONOPOLE  OVER  FRESH  WATER 
USING  MEASURED  KL;  dA0=.l  AND  a/X0  = .0015 


FIG-3. 24. INPUT  ADMITTANCE  OF  MONOPOLE  OVER  FRESH  WATER 
USING  MEASURED  K,,d/Xn=.25  AND  d.'Xn=.OOI5 
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FIG-3. 25. INPUT  ADMITTANCE  CIRCLE  DIAGRAM  OF  MONOPOLE 
OVER  FRESH  WATER;  d/A0=.01  AND  a/A0  =.0015- 


FIG-  3.28INPUT  ADMITTANCE  CIRCLE  DIAGRAM  OF  MONOPOLE  OVER  FRESH  WATER 
USING  MEASURED  KL,  dA0  = .!  AND  a/X0=.0015 
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effective  wave  numbers.  In  the  d/A(J  = .05  and  d/Af)  = .1  cases,  the  agree- 
ment is  good  for  a zeroth-order  theory  except  in  the  region  of  the  first 
resonance.  At  d/A(^  = .25, where  the  validity  of  the  transmission-line  behav- 
ior becomes  questionable,  the  agreement  is  not  very  good.  This  suggests 
that  at  this  height  the  departure  from  t he  simple  zeroth-order  theory  for 
the  current  and  admittance  may  be  significant.  Tabulation  of  the  measured 
admittance  is  given  in  Appendix  B. 

Salt-Water  Measurements 

A salt-water  solution  with  the  electrical  properties  described  by  e = 
81  and  0 = 3.9  mhos/m  was  used  for  this  set  of  measurements.  This  solution 
corresponds  to  solution  number  3 in  Section  2.5.  ^he  electrical  properties 
were  initially  measured  at  19°  C and  then  later  rechecked  at  22°  C.  No  no- 
ticeable change  in  the  conductivity  or  relative  dielectric  constant  was  ob- 
served. All  measurements  were  made  with  the  water  temperature  in  the  range 
from  19°  C to  22°  C. 

The  measured  current  and  charge  distributions  for  the  salt-water  case 
are  presented  in  Figs.  3.30  through  3.46.  Tables  of  the  measured  data  are 
given  in  Appendix  B.  A set  of  conclusions  similar  to  those  for  fresh  water 
can  be  drawn  from  an  examination  of  the  data.  For  the  two  closest  spacings, 
d/A^  = .01  and  .02,  the  measurements  agree  quite  well  with  King's  theory. 
This  is  evidenced  in  Figs.  3.30  through  3.35.  It  is  interesting  to  observe 
that  at  these  two  heights  the  line  attenuation  is  significantly  higher  for 
an  antenna  over  fresh  water  than  it  is  for  one  over  salt  water.  Figs.  3.36 
and  3.40  compare  King's  theory  with  the  experimental  measurements  for  d / A ^ = 
.05  and  d/A^  = .1,  respectively.  For  both  of  these  cases,  variations  great- 
er than  20%  arise  in  the  attenuation  constant.  A comparison  of  the  measured 
data  with  the  semi-empirical  solution  using  the  measured  value  of  the  effec- 
tive wave  number  is  presented  in  Figs.  3.37  through  3.39  and  Figs.  3.41 
through  3.43.  As  in  the  fresh-water  case,  it  is  evident  that  the  sinusoidal 
form  for  the  current  and  charge  still  holds  and  that  the  agreement  is  quite 
good  when  the  measured  effective  wave  number  is  used.  For  d/A^  = .25,  shown 
in  Figs.  3.f4  through  3.46,  the  departure  from  sinusoidal  theory  becomes 
more  evident  with  the  greatest  variation  appearing  at  the  driving  point. 

For  an  approximate  representation  of  the  current  and  charge  distributions, 
the  semi-empirical  solution  may  be  quite  acceptable. 
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FIG.3. 30.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE 
OVER  SALT  WATR ; h/Xp  = !.5  AND  d/X0=  01- 


-42- 


<p  DEGREES  1 1 1 mo/Volt 

a)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 

FIG-3. 31. CURRENT  AND  CHARGE  D’.STRI  B'JT  10  N ON  MONOPOLE  OVER 
SALT  WATER;  h/X0  = l AND  d/X0  * .01 
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FIG- 3. 32.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE 
OVER  SALT  WATER;  h/A0».5  AND  d/X0  = .01. 
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FIG.  3.33.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER;  h/X0  = 1.5  AND  b/X0  = .02. 
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FIG- 3. 34. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER;  h/X0  = 1 AND  d/X0  = .C2 
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FIG.3.36.CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER  SALT 
WATER  USING  THEORETICAL  WAVE  NUMBER;  h/X0  = 1.5  AND  d/X0  = .G5 
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FIG.  3.37.  CURRENT  AND  CHARGE  DISTRIBUTION  ON 
SALT  WATER  USING  MEASURED  WAVENUMB 
h/X0=  1.5  AND  d/X0  = .05 
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FIG.  3.38CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  US  NG  MEASURED  WAVENUMBER; 
h/X0- I AND  d/X0  = .05 
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FIG. 3. 39.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONCPOLE  OVER 
SALT  WATER  USING  MEASURED  WAVENUMBER; 
h/Xn= .5  AND  d/Xn  = .05 
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FIG-  3.40.CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  USING  THEORETICAL  WAVENUMBER;  h/A0  = 1.5 
AND  d/A0  - . 1 
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FIG- 3. 41.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  USING  MEASURED  WAVENUMBER;  h/X0  = t.5 
AND  d/Xn= . I. 
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FIG. 3.42.CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  USING  MEASURED  WAVE  NUMBER;  h/Xff  1 AND 
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FIG  3. 44. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  USING  MEASURED  WAVE  NUMBER,  h/Xo«l.5 
AND  d/X0=  .25 
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FIG.3.45.CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
SALT  WATER  USING  MEASURED  'WAVE  NUMBER,  h/X0=  1 
AND  d/Xrt  = .25. 
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AND  d/X~  = .25. 
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Figure  3.47  compares  the  theoretical  wave  numbers  on  the  wire  with  the 
measured  values  obtained  from  the  previous  data.  At  d / = .01  and  .02,  the 
error  in  is  within  10%  but  this  variation  becomes  much  larger  for 

greater  heights  as  evidenced  by  Figs.  3.3b  and  3.40. 

Rectangular  admittance  plots  are  presented  in  Figs.  3.48  through  3.52; 
the  corresponding  admittance  circle  diagrams  are  shown  in  Figs.  3.53  through 
3.57.  Roth  sets  are  displayed  in  order  of  increasing  d / A ^ . The  conclusions 
to  be  drawn  from  these  two  sets  of  curves  are  identical  to  those  for  the 
fresh-water  case. 

Moist-Earth  Measurements 

Since  these  measurements  were  made  on  an  outdoor  ground  plane,  the  ex- 
ternal conditions  could  not  be  controlled  as  conpletelv  as  in  the  two  pre- 
vious cases.  The  measurements  were  made  over  a nine-dav  period  in  early 
December.  The  air  temperature  during  this  period  ranged  from  35°  F to  40°  F 
(£  2°  - 5°  C).  The  earth  was  a rich  moist  loamy  material  which  was  deter- 
mined to  consist  of  20%  water  by  weight.  The  electrical  properties  were  de- 
termined to  be  £ = 11.5  and  o = .0022  mhos/m.  Measurements  made  on  earth 

r 

samples  taken  three  days  apart  gave  comparable  results.  To  prevent  the 
earth's  properties  from  changing  drast.-.cal ly  over  the  period  during  which 
measurements  were  taken,  the  area  in  front  of  the  ground  plane  was  covered 
with  a large  plastic  sheet  which  was  covered,  in  turn,  with  a pile  of  leaves. 
The  sheet  prevented  rain  from  affecting  the  electrical  properties  of  the 
earth,  while  the  leaves  were  used  as  insulation  to  keep  the  earth  from  freez- 
ing at  night. 

The  measured  results  for  currents  and  charges  are  given  in  ^igs.  3.58 
through  3.69.  Since  the  theoretical  values  were  found  to  be  much  larger 
than  the  measured  effective  values  at  all  heights,  all  measurements  have 
been  compared  with  the  semi-empirical  solution  which  utilizes  measured  ef- 
fective wave  numbers.  The  discrepancies  in  are  mainly  due  to  the  fact 
that  the  restriction,  | | >:>  (k^|,  imposed  in  King’s  theory  is  no  longer 
strictly  true  for  moist  earth  with  e^  = 11.5,  although  end  effects  may  also 
play  a factor  in  these  discrepancies.  Hence,  at  none  of  the  heights  was 
there  acceptable  agreement  between  King's  theory  and  the  experimental  re- 
sults. For  d/X^  = .02,  .05,  and  .1,  the  sinusoidal  nature  of  the  current 
and  charge  is  obvious  and,  given  the  measured  wave  number,  the  agreement  is 
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3.59.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
MOIST  EARTH  USING  MEASURED  WAVENUMBER;  h/X0=l 
AND  d/X0  = .02. 
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FIG.  3.64.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MONOPOLE  OVER 
MOIST  EARTH  USING  MEASURED  WAVENUMBER;  h/A0=).5 
AND  d/An  *.l. 
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qulte  pood.  The  d/A^  = .25  measurements  have  characteristics  similar  to 
those  taken  at  the  same  height  over  the  previous  two  media.  The  currents 
and  charges  are  not  strictly  sinusoidal  in  form  with  the  greatest  departure 
observed  at  the  driving  point. 

Figure  3.70  shows  the  comparison  between  the  measured  effective  wave 
numbers  and  those  predicted  by  King.  For  the  smallest  height  measured,  d / X ^ 

= .02,  the  error  in  the  predicted  attenuation  constant  is  35%.  It  is  inter- 
esting to  note  that  when  comparing  antennas  at  comparable  heights  above  the 
three  different  media,  the  attenuation  (radiation  loss)  is  consistently 
greatest  for  the  wire  over  the  moist  earth. 

The  admittance  measurements  appear  in  Figs.  3.71  through  3.78.  The 
agreement  for  d/A^  *=  .02  and  .05  is  seen  to  be  quite  good  considering  the 
limitations  of  the  zeroth-order  approximation.  At  d/A^  = .1,  the  agreement 
is  not  as  good  as  for  the  two  water  cases,  especially  in  the  second  and 
third  resonance.  As  before,  the  zeroth-order  admittance  for  d/A^  = .25 
clearly  cannot  give  an  accurate  approximation.  The  data  for  the  measured 
admittances  as  well  as  for  the  currents  and  charges  appear  in  Appendix  B. 

3.4.  Presentation  of  Measured  Data  for  the  Modified  Beverage  Wave  Antenna 

The  measurements  in  Section  3.3  were  repeated  for  an  antenna  terminated 
in  a resistor  and  quarter-wave  section  to  form  the  modified  Beverage  antenna. 
The  data  are  presented  in  an  identical  manner.  All  the  measured  data,  both 
normalized  and  unnormalized,  are  contained  in  Appendix  B.  For  the  current 
and  charge  distributions  data  points  were  taken  every  5 cm  (.05A^)  to  obtain 
accurate  representations  for  these  quantities.  When  the  antenna  is  properly 
matched,  the  current  and  charge  distributions  are  smoothly  varying  and  meas- 
urements spaced  every  5 cm  provide  good  resolution.  The  input  admittance  at 
each  height  was  measured  for  only  four  antenna  lengths  (AAq  = 1*5,  1.0,  .5 
and  .25).  With  proper  matching  the  input  admittance  remains  practically  con- 
stant for  increasing  antenna  lengths.  The  four  admittances  were  measured 
essentially  to  demonstrate  the  traveling-wave  nature  of  the  modified  Beverage 
antenna. 

For  all  cases  the  best  match  condition  was  obtained  basically  by  trial 
and  error.  The  appropriate  quarter-wave  section  could  be  ascertained  from 
the  measured  wave  number.  Once  this  was  determined,  different  resistors 
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were  connected  along  with  the  quarter-wave  section  to  the  end  of  the  line 
and  the  VSWR  on  the  antenna  was  measured  with  the  charge  probe.  The  resis- 
tor that  pave  the  lowest  VSWR  was  the  one  used.  The  amount  of  puess  work 
involved  in  choosing  the  correct  resistor  was  minimized  by  knowing  the  theo- 
retical value  for  the  characteristic  impedance,  Eq.  (1.8).  In  most  cases 
the  resistor  used  was  the  one  whose  value  came  closest  to  the  theoretical 
prediction. 

The  measured  data  were  normalized  in  the  same  manner  as  in  Section  3.3. 
All  data  are  compared  with  either  theoretical  predictions,  given  by  (1.54) 
and  (1.56)  for  the  current  and  charge,  or  for  those  cases  in  which  the  meas- 
ured effective  and  theoretical  wave  numbers  are  in  error  with  a semi-empiri- 
cal solution  that  uses  the  form  for  the  current  and  charge  distributions  in 
(1.54)  and  (1.56)  and  the  measured  effective  wave  number  for  k^ . Although 
no  measurements  were  made  on  the  quarter-wave  section,  the  analytic  form  for 
the  current  and  charge  is  presented  in  the  figures. 

Fresh-Water  Measurements 

With  the  critical  quantity  in  all  these  measurements  being  the  wave 
number,  it  is  evident  that  the  theoretical  and  measured  effective  wave  num- 
bers will  agree  over  the  same  range  of  heights  for  the  modified  Beverage  an- 
tenna case  as  for  the  unloaded  cases.  Figures  3.79  through  3.84  compare  the 
measured  results  for  the  modified  Beverage  antenna  at  d/Xp  = .01  and  .02 
with  the  theoretical  current  and  charge  expressions  given  in  (1.54)  and 
(1.56)  with  (1.7)  for  k^.  In  all  these  figures  the  agreement  is  very  good 
and  the  traveling-wave  distribution  is  apparent. 

Figures  3.85  and  3.89  compare  measured  results  for  d / A q = .05  and  .1 
with  the  current  and  charge  distributions  in  (1.54)  and  (1.56)  using  the 
theoretical  wave  number.  The  agreement  in  these  two  sets  of  curves  is  sat- 
isfactory even  though  the  theoretical  a is  much  smaller  than  the  measured 
value.  To  improve  the  agreement,  the  same  semi-empirical  approach  was  used 
as  in  the  monopole  case.  Figures  3.86  through  3.88  and  3.90  through  3.92 
compare  measured  current  and  charge  distributions  for  d/X^  ■ .05  and  .1  with 
analytic  expressions  in  (1.54)  and  (1.56)  with  the  measured  effective  wave 
number  for  kj . The  agreement  is  seen  to  be  quite  good  pxcept  for  variations 
at  the  driving  point  and  at  the  resistive  load  which  cannot  be  properly 
taken  care  of  by  the  zeroth-order  expressions. 
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ANTENNA  OVER  FRESH  WATER;  t,Ao:I  AND  dAo=.0l. 
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FIG.  3.82.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFI  ED  BEVERAGE 
ANTENNA  OVER  FRESH  WATER;  <,/X0=  1.5  AND  d/A0=  .02. 


-99- 


<£  DEGREES  HI  mo /Vo  It 

o)  CURRENT  DISTRIBUTION 


b)  CHARGE  DISTRIBUTION 


Fin.  3.85. CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODI FIED  BEVERAGE 

ANTENNA  OVER  FRESH  WATER  USING  THEORETICAL  WAVENUMBER; 
f,/A0=  1.5  AND  d/X0  r.05. 
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3.86.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  KRESH  WATER  USING  MEASURED  WAVENUMBER; 
t, /X 0=  1.5  AND  d/\0  --  .05. 
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FIG.  3.87.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  FRESH  WATER  USING  MEASURED  WAVENUMBER; 
f , /X  0=  ' AND  d /X0=  .05. 
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b)  CHARGE  DISTRIBUTION 

FIG.  3.88£URRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  FRESH  WATER  USING  MEASURED  WAVENUMBER; 
f,A0=.5  AND  d A =.05 
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FIG.  3.89.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  FRESH  WATER  USING  THEORETICAL  WAVENUMBER 
t,/X0=1.5  AND  d /X0=  .1 . 
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FIG.  3.92 


CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  FRESH  WATER  USING  MEASURED  WAVENUMBER; 
t,/Xn=. 5 AND  d/Xn*  1. 
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The  measurements  for  d/X^  “ .25  are  presented  in  Figs.  3.93  through 
3.95.  The  agreement  with  the  semi-empirical  solution  is  fairly  good  consid- 
ering the  apparent  departure  from  the  transmission-line-like  distribution  at 
this  height. 

The  measured  input  admittance  for  modified  Beverage  antennas  over  fresh 
water  is  presented  in  Figs.  3.96  through  3.100.  Figures  3.96  and  3.97  com- 
pare the  measured  admittance  with  the  expression  in  (1.55)  using  the  theoret- 
ical wave  number  in  (1.7)  for  k^.  The  theoretical  curves  in  Figs.  3.98, 

3.99  and  3.100  consist  of  (1.55)  with  the  measured  effective  wave  number 
used  for  k^.  The  agreement  is  good  for  a zeroth-order  theory  in  all  cases 
except  for  some  noticeable  departure  for  d/Xp  = .25.  The  chart  below  lists 
the  load  resistor  used  for  each  height  and  compares  each  with  half  the  value 
of  the  corresponding  characteristic  impedance  predicted  by  King  and  calcu- 
lated from  the  measured  wave  number  using  (1.8). 
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Salt-Water  Measurements 

The  conclusions  to  be  drawn  from  the  measurements  made  on  antennas  over 
salt  water,  presented  in  Figs.  3.101  through  3.122,  are  analogous  to  those 
for  the  fresh-water  case.  At  d/X^  = .01  and  .02  the  measurements  agree  very 
well  with  the  complete  theoretical  expressions.  For  the  other  three  heights 
the  measured  effective  wave  number  is  used  for  k^  in  (1.54)  and  (1.56)  and 
compared  with  the  experimental  results.  Comparisons  using  the  complete  the- 
oretical expressions  for  d/Xg  = .05  and  .1  are  shown  in  Figs.  3.107  and 
3.111.  A good  match  can  be  obtained  at  d/X^  = .25  but  the  overall  agreement 
with  the  semi-empirical  solution  is  not  as  good  as  for  the  closer  spacings. 


The  admittances  are  given  in  Figs.  3.118  through  3.122.  Figures  3.118 
and  3.119  compare  the  measured  admittances  with  (1.55)  using  the  theoretical 
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3.93.  CURRENT  AND  CHARGE  ON  MODIFIED  BEVERAGE  ANTENNA 
OVER  FRESH  WATER  USING  MEASURED  WAVENUMBER; 
{,/Xn  = 1.5  AMD  d/\n  - .25 
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FIG.  3.95 


CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED 
BEVERAGE  ANTENNA  OVER  FRESH  WATER  USING  MEASURED 
WAVENUMBER;  f,/X0=.5  AND  d/X0=.25. 
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FIG.  3.98.  INPUT  ADMITTANCE  OF  MODIFIED  BEVERAGE  ANTENNA  OVER  FRESH 
WATER  USING  MEASURED  K, ; d/Xn=.05  AND  o/A0=  .0015 
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FIG.  3.100.  INPUT  ADMITTANCE  OF  MODIFIED  BEVERAGE  ANTENNA  OVER  FRESH 
WATER  USING  MEASURED  KL;  d/X0=  .25  AND  a/X0  = .0015 
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FIG.  3.101.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER;  <,/X0=  1-5  AND  d/X0  = .01. 
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FIG.  3.102 


CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER;  VX0M  ANDd/X0  = .01. 
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Fir,.  3.103.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGc 
ANTENNA  OVER  SALT  WATER,  t,/X0=.5  AND  d/X0*.Oi 
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FIG.  3 . 104 . CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER,  i,/X0  r >-5  AND  d/X0  = . 02 
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FIG.  3.105.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER;  l,/X0  =1  AND  d/X0  = .02. 
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FIG.  3.106.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER;  f,/X0=.5  AND  d/Xo  = .02. 
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FIG.  3.1U7.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEV  ERA'S 

ANTENNA  OVER  SALT  WATER  USING  THEORETICAL  WAVENUMBER; 
f,/X0  * 1.5  AND  d/\0  = .05. 
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3.110.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  S-'-lT  WATER  USING  MEASURED  WAVENUMBER; 
t,/X0=  .5  AND  d/X 0 - .05- 
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FIG.  3.111.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER  USING  7 HEORETICAL  WAVENUMBER, 
l./Ao  = 1.5  AND  d/X„--  .1 
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CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER  USING  MEASURED  WAVENUMBER; 
{ . /X  0 = 1.5  AND  d/X0  = .1. 
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FIG.  2.114.  CURRENT  AND  CHARGE  DIS^R  1 3 ’ J T :0N  ON  MOD:FIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER  USING  MEASURED  WAVENUMBER, 
r/X0  = .5  AND  d/Xo-.l- 
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FIG.  3.115.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  SALT  WATER  USING  MEASURED  WAVE  NUMBER ; 

Vxo  *1-5  AND  d/A0  = .25. 
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3.116.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  SALT  WATER  USING  MEASURED  WAVENUMBE 
t,/X0  = 1 AND  d/X0  = .25. 
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Fir,.  3.117.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVEttA 
ANTENNA  OVER  SALT  WATER  USING  MEASURED  WAVE NUM 
l,/X0  = .5  AND  d/X0=  .25 
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wave  number.  All  other  theoretical  curves  utilize  the  same  expression  but 
employ  the  measured  effective  wave  number  for  . Comparisons  of  the  load 
resistors  used  with  the  calculated  values  appear  in  the  chart  below. 
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Moist-Earth  Measurements 

Due  to  the  fact  that  condition  (1.3b)  is  not  strictly  valid  for  the 
case  of  moist  earth  with  er  = 11.5  and  o = .0022  mhos/m,  only  measured  ef- 
fective wave  numbers  were  used  throughout  for  in  (1.54)  and  (1.56).  The 
current  and  charge  distributions,  displayed  graphically  in  Figs.  3.123 
through  3.134,  reveal  good  agreement  between  the  measured  results  and  the 
curves  based  on  the  measured  wave  number.  Even  for  the  highest  spacing. 
d/A0  = >25,  the  agreement  is  quite  good  except  for  variations  at  the  driving 
point  and  at  the  load  resistor  which  are  hasically  a manifestation  of  junc- 
tion effects. 

The  admittance  curves  appear  in  Figs.  3.135  through  3,138.  Agreement 
for  the  closest  spacing,  d/X^  = ,02,  is  good  for  loth  conductance  and  sus- 
ceptance  curves.  For  the  other  three  cases  the  conductance  agreement  ' 
good  with  larger  variations  appearing  in  the  st  sceptanco.  Resistor  ir  - 

sons  appear  below. 
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FIG.  3.123.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER, 
{,/\n  = I.S  AND  d/>.  n-  02 
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FIG.  3. 12 A.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER, 
t,/X0=  I AND  d/X  0 * .02- 
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FIG.  3.125,  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  bt  VERAGE 
ANTENNA  OVf  R MOIST  EARTH  USING  MEASURED  WAVENUMBER; 
5 AND  d/Xn - .02 
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3.126.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER; 
fi/Xr,  = 1.5  AND  d/Xo=  .05 
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.127.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  MO:ST  EARTH  USING  MEASURED  WAVENUMBER; 
l,/X0=  I AND  d/X0  - .05 
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Fir,.  3.128.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER; 
t,/X0  = .5  AND  d/X0  = .05 
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3.129.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER; 
f,/X„  = 1.5  AND  d/Xn  - . 1 
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FIG.  3.130.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 
WAVE  ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVE- 
NUMBER:  f./X0=l  AND  dAn  = .l. 
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CURRENT  AND  CHARGE  DISTR'BliT  ON  ON  MODIFIED  EEVERAGE 
ANTENNA  OVER  MOIST  EARTH  US.NG  MEASURED  WAVENUMBER; 
t,/A^  . E>  AND  d/Ao  = . 1 
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FIG.  3.132.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER; 
/Xn=  1.5  AND  d/Xr,  = .29. 
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Fin.  3.133.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  :OD!RED  BEVERAGE 

ANTENNA  OVER  MOIST  EARTH  USING  MEASURED  WAVENUMBER, 
(,/X„  = 1 AND  d/Xrt  - .29. 
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FIG.  3.134.  CURRENT  AND  CHARGE  DISTRIBUTION  ON  MODIFIED  BEVERAGE 

ANTENNA  OVER  MOIST  EAR'iil  USING  MEASURED  WAVENUMBER; 
.5  ANO  d/X~r  .29. 
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Fin.  3.138.  INPUT  ADMITTANCE  OF  MODIFIED  BEVERAGE  ANTENNA  OVER 

MOIST  EARTH  USING  MEASURED  K,,d/An=.29  AND  a/An=.0015. 
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3.5.  Fnd-F.ffect  Correction 

It  was  pointed  out  previously  that  the  antenna  end  effect  [f>]  is  re- 
sponsible for  both  the  shift  that  appears  in  the  experimental  results  when 
compared  with  the  theoretical  current  and  charge  distribution  curves  and  the 
discrepancies  which  occur  between  the  theoretical  and  measured  . the 
shift  is  most  noticeable  at  heights  of  d/A^  = .05,  .1,  and  .25,  suggesting 
the  range  of  heights  at  which  the  end  effect  becomes  important.  This  is 
further  confirmed  when  it  is  observed  that  it  is  within  this  range  that  the 
measured  « departs  significantly  from  the  theoretical  values.  Since  an- 
tennas of  the  type  being  discussed  behave  like  transmission  lines,  the  end- 
effect  phenomenon  associated  with  transmission  lines  is  also  prevalent  for 
this  type  of  antenna.  In  transmission-line  theory  an  ideal  open  circuit 
possesses  an  infinite  impedance  in  the  plane  of  the  open  circuit.  In  prac- 
tical situations,  however,  an  open  connection  such  as  the  condition  that 
would  exist  at  the  end  of  the  antenna  would  not  represent  an  ideal  open  cir- 
cuit due  to  the  fact  that  the  capacitance  per  unit  length  near  the  end  of 

tiie  line  would  no  longer  be  constant.  To  correct  for  this,  a lumped  capaci- 
tance Cr  is  evaluated  which  represents  the  effect  of  the  terminal  zone  where 
both  the  wave  number  and  capacitance  per  unit  length  become  functions  of  the 
distance  from  the  end  of  the  line.  The  effect  of  the  terminal-zone  capaci- 
tance is  to  cause  a large  charge  build-up  at  the  end  of  the  antenna,  as  can 
be  easily  seen  from  the  previous  curves,  causing  both  the  current  and  charge 
distributions  to  deviate  from  their  sinusoidal  behavior  at  the  end  of  the 
line.  It  can  he  shown  [4]  that  the  effect  of  the  terminal  zone  is  to  cause 
an  increase  in  the  effective  length  of  the  transmission  line  that  is  equiva- 
lent to  (y/C^  where  is  the  capacitance  per  unit  length  for  the  infinitely 

long  line.  This  increase  in  effective  length  is  the  reason  for  the  shift 

observed  in  the  measured  data  when  compared  with  the  theoretical  curves. 

The  zeroth-order  transmission-line  theory  is  unable  to  account  accurately 
for  this  end  effect  and  the  corresponding  increase  in  effective  length.  The 
fact  that  all  tlip  energy  which  arrives  at  the  end  of  the  antenna  may  not  be 
completely  reflected  will  cause  the  discrepancies  seen  in  the  attenuation. 
This  radiation  loss  off  the  end  of  the  antenna  introduces  a resistance  which 
is  included  with  the  end-correction  capacitance  in  the  terminal  network 
that  models  the  end  effect. 
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To  correct  for  the  shift  due  to  the  end  effect,  it  is  possible  to  eval- 
uate the  apparent  increase  in  length  caused  by  the  open-circuited  end  and  to 
add  this  increase  to  the  actual  antenna  length.  Using  this  new  length  in 
either  the  complete  theoretical  formulation,  Fqs.  (1.6),  (1.18),  (1.54)  and 
(1.56),  or  in  the  semi-empirical  approach  which  utilizes  the  above  equations 
with  measured  wave  numbers,  will  correct  for  the  deviation  that  occurs  be- 
tween the  measured  data  and  both  analytic  solutions.  This  increase  in  length 
can  be  obtained  experimentally  from  the  curves  in  Sections  1.3  and  3.4. 

Since  the  end  effect  should  not  be  dependent  on  the  antenna  length,  the  h/X 
= 1 curve  was  used  for  all  heights  over  all  three  media  to  determine  this 
increase.  This  was  done  by  measuring  the  difference  between  the  null  of  the 
data  and  the  null  of  the  theory  being  compared.  The  following  increases 
were  measured: 


d/\ 

Fresh  Water 

Salt  Water 

! 

Moist  Earth 

.01 

0 

0 

0 

.02 

0 

1.6  cm 

0 

.05 

2 cm 

2 cm 

2 cm 

.1 

2.4  cm 

2 cm 

2.4  cm 

.25 

3.2  cm 

2.8  cm 

3.2  cm 

For  the  lowest  heights,  where  the  attenuation  is  highest,  no  noticeable  in- 
crease in  length  was  observed  from  the  curves.  As  the  height  of  the  wire  is 
increased,  there  is  a corresponding  increase  in  the  apparent  length  of  the 
wire  ranging  up  to  approximately  3 cm.  This  additional  length  can  be  in- 
cluded to  obtain  a first-order  correction  for  the  end  effect. 

The  complex  reflection  coefficient  at  the  end  of  a dipole  antenna 

placed  above  a dissipative  half-space  is  an  intricate  theoretical  problem 

which  lias  vet  to  be  solved.  From  this  quantitv  the  P and  values  which 

s s 

describe  the  end  effect  can  be  obtained.  The  p value  is  associated  with 

s 

the  radiation  loss  from  the  end  of  the  antenna. 

A more  complete  theory  for  the  current  and  charge  distributions  is  pre- 
sented in  Section  1.8  of  Volume  T.  It  includes  contributions  due  to  empiri- 
cally determined  end  effects  and  uses  the  theoretical  1:  ^ determined  by  King. 


k A 
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3.6.  Broadband  Characteristics  of  the  Modified  Beverage  Antenna 

One  of  the  more  desirable  properties  of  the  conventional  Beverage  an- 
tenna is  its  proposed  frequency-independent  characteristics.  A careful 
study,  however,  shows  that  there  has  never  been  a definitive  investigation 
into  the  frequency  response  of  the  conventional  Beverage  antenna.  It  has 
been  assumed  that  when  the  antenna  is  in  the  travel inp-wave  mode,  its  fre- 
quency-independent nature  is  evident.  It  was  shown  previously  that  the 
characteristic  impedance  of  the  wire  is  dependent  on  the  d/i()  value  which 
depends  in  turn  on  the  operating  frequency.  Changes  in  the  frequency  mav 
cause  varvinp  deprees  of  mismatch.  The  oripinal  Reverape  antenna  work  also 
left  unanswered  what  the  frequency  response  would  be  of  the  counterpoise 
system  and  the  vertical  elements  at  the  end  of  the  antenna. 

For  the  modified  Beverape  antenna  the  necessity  of  the  quarter-wave 
terminatinp  section  appears  to  limit  seriously  its  anticipated  broadband  be- 
havior. It  can  be  shown,  however,  that  despite  the  use  of  the  quarter-wave 
section  a broadband  response  can  be  obtained  over  a wide  ranpe  of  parameters. 
Altshuler  [2]  has  shown  that  for  a similar  type  of  travelinp-wave  antenna  in 
free  space,  excellent  frequency  response  can  be  obtained  over  a 2-to-l  ranpe 
with  additional  adequate  coverape  occurrinp  over  a 3-to-l  ranpe.  Consider- 
ing the  similarity  in  configuration,  frequency  responses  at  least  as  pood 
can  be  anticipated  for  the  modified  Beverape  antenna.  The  presence  of  sip- 
nificant  attenuation  due  to  interaction  with  the  half-space  will  make  the 
Beverape  antenna  less  susceptable  at  the  driving  point  to  changes  at  the  end 
of  the  antenna. 

Two  sets  of  measurements  were  made  to  determine  the  broadband  proper- 
ties of  the  modified  Beverape  antenna.  The  series  of  curves  presented  in 
the  previous  sections  (Figs.  3.96  - 3.100,  3. HR  - 3.122,  and  3.135  - 3.138) 
show  that  the  match  for  a particular  freauenev  is  quite  good  over  all  ranges 
of  the  length  £.  . A second  set  of  measurements  was  taken  in  which  the 

X 

length  £,  was  kept  constant  while  the  length  of  the  quarter-wave  section 
X z 

was  varied.  The  frequency  was  kept  constant  at  300  MHz.  The  input  admit- 
tance for  this  situation  is  presented  as  a function  of  the  length  of  the 
terminatinp  section  in  Fig.  3.139.  The  input  admittance  remains  fairlv  con- 
stant over  at  least  a 3-to-l  range,  confirming  the  broadband  nature  of  this 
antenna.  With  the  expanded  ordinate  scale  in  Fig.  3.139  it  can  be  seen  that 


the  maximum  variation  in  conductance  or  susceptance  is  approximately  1.5 
milllmho8. 

3.7.  Conclusions 

The  data  presented  in  Figs.  3.2  through  3.138  lead  to  numerous  conclu- 
sions concerning  the  properties  of  both  dipole  antennas  in  the  presence  of  a 
dissipative  medium  and  Beverage  wave  antennas.  The  conclusions  derived  from 
this  experimental  analysis  are  as  follows: 

Dense  Media  ^1  >>  |k^| 

This  case  applies  to  the  measurements  made  over  both  fresh  and  salt 
water  at  300  MHz  with  % 81.  The  dense-medium  condition,  Eq.  (1.3b),  was 
one  of  the  restrictions  originally  imposed  in  the  development  of  the  expres- 
sion for  the  wave  number  on  a horizontal  wire  above  a dissipative  half-space. 
For  horizontal  wires  including  Beverage  antennas  placed  above  this  type  of 
medium,  the  following  can  be  concluded: 

1)  For  d/Xg  < .02,  the  theoretical  development  of  King,  described  in 
Section  1,2  of  Volume  I,  correctly  represents  the  current  and  charge  distri- 
butions and  provides  a good  zeroth-order  approximation  for  the  input  admit- 
tance on  a center-driven  dipole  antenna.  The  extension  of  this  theory  to 
loaded  antennas,  given  in  Section  1.6,  which  includes  the  special  case  of 
the  Beverage  wave  antenna,  also  gives  correct  results  for  the  current, 
charge  and  input  admittance.  The  agreement  in  this  range  of  heights  is 
mainly  a result  of  the  fact  that  the  theoretical  wave  number  given  by  (1.7) 
agrees  quite  favorably  with  the  experimentally  determined  wave  numbers. 

2)  In  the  range  .02  < d/Xg  < .1,  the  comparisons  between  the  measured 
effective  and  the  theoretically  predicted  wave  numbers  begin  to  show  the 
existence  of  significant  deviations.  For  these  heights,  variations  of  20% 
or  greater  begin  to  occur,  especially  for  the  attenuation  constant  of  the 
antenna.  This  departure  may  be  due  to  one  of  the  following  factors.  Ini- 
tially it  was  thought  that  the  transmission-line  behavior  may  no  longer  be 
valid  for  d/Xg  > .02.  This  would  probably  be  due  to  a significant  amount  of 
radiation  being  neglected  by  the  assumption  that  the  radiation  into  the  air 
is  quite  small  in  comparison  with  the  radiation  into  the  half-space.  The 

second  possibility,  and  the  more  probable  one,  is  that  a more  refined  theory 
is  needed  which  accounts  for  the  nonideai  end  effect  of  the  antenna.  This 
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would  assume  that  the  theoretical  k^  is  the  correct  one  and  that  the  dis- 
crepancies observed  in  the  wave  numbers  were  due  to  the  absence  of  an 
end-correction  factor.  End  effects  are  dealt  with  in  more  detail  in  Section 
1.8  of  Volume  I.  Despite  these  facts,  the  measurements  have  shown  that  the 
expressions  for  the  current,  charge  and  admittance  [Eqs.  (1.6),  (1.16), 
(1.18),  (1.54),  (1.55),  and  (1.56)]  still  hold  if  the  effective  wave  number 
is  used.  Using  these  equations  with  the  measured  effective  wave  number  sub- 
stituted for  gives  good  agreement  with  the  measured  data.  The  only  no- 
ticeable departure  from  this  occurs  in  the  admittance  where  agreement  at  the 
first  resonance  is  somewhat  in  error.  Since  the  theory  consists  of  only  a 
zeroth-order  expression,  higher-order  correction  terms  due  to  junction  and 
end  effects  would  be  necessary  to  improve  the  agreement.  Hence,  over  this 
range  of  heights  the  approximate  solution  which  utilizes  the  zeroth-order 
expressions  for  the  current,  charge  and  admittance  along  with  the  measured 
effective  wave  number  gives  good  results. 

3)  At  d/Xg  « .25  measurements  show  a perceptible  departure  from  the 
zeroth-order  form  for  all  three  quantities  along  with  significant  deviations 
in  the  wave  number.  It  is  important  to  note  that  in  the  range  .1  < d/Xg 
< .25,  no  measurements  were  taken  and,  therefore,  it  has  not  been  determined 
exactly  where  in  this  range  the  current,  charge  and  admittance  change  from  a 
basically  transmission-line  form  to  one  more  characteristic  of  an  antenna  in 
free  space.  It  has  been  shown  that  at  d/Xg  ® .25  the  transmission-line  form 
with  the  measured  wave  number  gives  adequate  agreement  for  the  current  and 
charge  distributions,  although  it  is  evident  that  the  measurements  are  not 
exactly  sinusoidal.  It  may  still  be  possible  that  with  a large  enough  end 
correction  one  may  obtain  an  adequate  approximation  at  this  height.  Larger 
discrepancies  appear,  however,  for  the  input  admittance  which  is  quite  sen- 
sitive to  the  exact  form  of  the  current  distribution.  For  the  Beverage  an- 
tenna the  comparisons  at  this  height  tend  to  provide  much  better  results. 

Hence,  for  antennas  placed  above  dense  media  for  which  the  condition 
| k2  j >>  |kjJ  holds,  complete  theoretical  formulations  are  available  for 
d/Xg  < .02.  For  heights  ranging  from  d/Xg  > .02  up  to  at  least  d/Xg  = .1 
and  probably  higher,  the  transmission-line  characteristics  of  the  wire  are 
still  predominant,  yet  use  of  measured  effective  wave  numbers  for  k^  is  ne- 
cessary. If  moderate  errors  can  be  tolerated,  the  transmission-line  form 
can  be  used  for  the  current  and  charge  distributions  up  to  d/Xg  ■= 


.25. 


Discrepancies  in  the  admittance  preclude  using  a simple  zeroth-order  theory 
which  does  not  include  an  end-correction  term. 

Moderately  Dense  Media  |k„|  > |k^| 

This  case  refers  to  the  measurements  that  were  made  over  moist  earth  at 
300  MHz  where  the  relative  dielectric  constant  was  measured  to  be  * 11. A 
and  the  conductivity  was  quite  small.  This  is  an  interesting  case  since 
earth  is  a more  common  environment  for  antennas  of  this  type.  These  measure- 
ments also  give  an  indication  as  to  how  restrictive  condition  (1.3b)  actually 
is.  The  measurements  show  that  for  horizontal-wire  antennas  as  well  as 
Beverage  antennas  placed  above  moist  earth,  the  following  can  be  concluded: 

1)  For  the  closest  spacing  measured,  d/X^  “ .02,  a large  discrepancy 
was  observed  between  the  theoretical  wave  number  given  by  (1.7)  and  the  meas- 
ured one.  A significant  error  was  observed  in  the  attenuation  constant  in 
that  the  predicted  a value  was  50%  greater  than  the  measured  effective  a. 

L L 

value.  Despite  this  fact,  the  transmission-line-like  behavior  for  the  cur- 
rent, charge  and  input  admittance  is  clearly  evident  and  the  comparison  with 
the  semi-empirical  solutions  bears  this  out.  Since  measurements  made  at 
this  height  agreed  quite  well  with  theory  for  the  dense  media  case,  |k0|  >> 
jk^| , it  would  appear  that  condition  (1.3b)  must  be  strictly  adhered  to  for 
King's  theory  to  be  valid. 

2)  Over  the  range  .02  < d/Xg  < .1,  the  zeroth-order  transmission-line 
form  is  applicable  and  agreement  with  the  semi-empirical  solution  is  quite 
good.  The  error  involved  in  the  theoretical  wave  number  remains  quite  large 
at  these  heights.  Note  that  the  range  over  which  the  transmission-line  type 
behavior  predominates  most  likely  extends  beyond  d/Xg  « .1.  Since  devia- 
tions from  this  behavior  occur  at  the  next  height  measured,  d/Xg  •*  .29,  it 
is  safe  to  assume  that  the  semi-empirical  solution  will  be  applicable  over 
part  of  the  range  .1  < d/Xg  < .29.  This  is  expecially  true  for  the  current 
and  charge  distributions  and  less  so  for  the  input  admittance.  Formulas 
which  would  correctly  predict  the  wave  numbers  for  heights  up  to  d/Xg  = .29 
have  not  been  developed.  Note  that  in  this  range  part  of  the  reason  for  the 
discrepancies  in  the  wave  numbers  may  be  due  to  end  effects.  But,  since  the 
error  for  d/Xg  ■»  .02  is  so  large,  it  is  more  than  likely  that  the  main  cause 
is  the  violation  of  condition  (1.3b). 
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3)  As  for  the  case  when  { | » |kjJ,  the  currents,  charges  and  admit- 
tances begin  to  depart  from  the  transmission- line  behavior  at  d/X^  - .29  and 
take  on  antenna-type  characteristics.  Current  and  charge  distributions  can 
still  be  reasonably  approximated  by  seml-emplrlcal  procedures  but  not  the 
admittance  which  exhibits  large  errors  when  using  this  approximate  technique. 

Therefore,  for  antennas  above  moderately  dense  media  for  which  | I > 
|kjJ,  a completely  theoretical  formulation  does  not  exist  for  any  range  of 
heights.  A transmission-line  form,  however,  can  clearly  be  used  with  the 
measured  effective  wave  number  to  represent  the  antenna  properties  accurate- 
ly for  heights  at  least  as  great  as  d/XQ  - .1  and  up  to  d/XQ  - .29  if  large 
errors  can  be  tolerated. 

It  ia  interesting  to  note  that,  although  | k^ | > |k^|  for  moist  earth  at 
300  MHz,  at  much  lower  frequencies  where  p • a/ue  becomes  increasingly 
larger  and  the  earth  acts  more  like  a conductor,  the  condition  ^2!  >>  |k^| 
can  be  obtained  for  moist  earth.  Under  these  conditions,  one  can  expect 
that  King's  theory  will  hold  in  a manner  analogous  to  the  water  cases.  At 
these  lower  frequencies,  water  will  also  begin  to  act  like  a good  conductor, 
which  further  reinforces  the  condition  that  Ikjl  >>  |k^|  and  results  in  a 
set  of  conclusions  similar  to  the  case  of  300  MHz. 
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APPENDIX  A 

COMPUTER  PROGRAM  FOR  EVALUATION  OF  T1IF.  COMPLEX  WAVE  NUMBER 
ON  A WIRE  ABOVE  A DISSIPATIVE  HALF-SPACE 

The  program  in  this  appendix  evaluates  equation  (1.7)  which  gives  the 
complex  wave  number  on  a wire  over  a dissipative  half-space.  In  the  main 
program  the  operating  frequency,  wire  spacing,  radius  of  the  wire,  dielec- 
tric constant  of  the  half-space,  and  conductivity  of  the  half-space  are  read 
in  on  data  cards.  The  following  function  subroutines  and  subroutines  are 
used: 

FUNCTION  XK4  - Evaluates  the  complex  wave  number  of  the  dis- 

sipative half-space. 

FUNCTION  DOAMMA  - Evaluates  the  Gamma  Function  of  the  given 

argument. 

SUBROUTINE  BSLSML  - Evaluates  Bessel  Functions  and  of  com- 
plex arguments. 

SUBROUTINE  BESH  - Evaluates  the  Hankel  Function  with  complex 

argument. 
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TABLE  3.1 
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1'CISSIPATlvE  HALF  SPACE ' #///# lOX/ ' SET  NUMBER  • '/BX/I2#//) 

"RITE16/90D  SIGf'A/ER^E 

901  F8RmAT(10X, 'CONSTITUTIVE  PARAMETERS  0F  DISSIPATIVE  mECIA'#/# 

2 25X. 'SIGma  ■ '/F6.5/1CX# 'ER  • ' / F7 .4/ 1CX/ ,pE  • ’/F6««///) 

t»RITE(6/902)  F 

902  FORMAT (*qx* 'FREQLENCV  • ••  F6.2* 'hmZ' #///> 

-RITE (6/ 903)  (COVLAH( I)/BETA,I),AlPmA(I ) #RAT 102 ( l ) /RAT  10 1 ( I ) / 
1RRC(1)/XIRC(I)/RATI83<I>/rATI8A(I)  /l*l/ND> 

903  F8RHAT(8x, ' D/LAM *,9x, • BETA • , 8X/ • A^PmA 7X/ • Bl/BC «/•*/• AL/BO! '101# 
1,RC'/7x/ 'XC'/AX/ 'RC/ZETa'/6x/ 'xC/ZETa*  ////  5C ( Ex. F0 * «/8x*F7* A/BX/ 
2F 7. */6x# F5 .3# BX/F5 • 3/0X/F0.2/3X/F6. 2/ 3X/F5»3/8x/F5. 3//)) 

20  CONTINUE 

THIS  PART  8F  TH£  PROGRAM  £VaLUATEs  The  COMPLEX 
-AVF  NUMBER  FOR  a fflROZONTAL  ANTgNNA  OvEb  * DISSIPATIVE 
HALF. SPACE  GIVEN  THE  NECESSARY  Set  OF  PARAMETERS.  THE 
FORMULA  FOLLO-S  THE  CEVECOpMENT  IN  KING|S  PAPER.  ALSO 
EV*LUATED  IS  THE  CHARACTERISTIC  IMPECENCE  FOR  THE  SPECIFIED 
«AVE  NUMBER,  this  ASSUMES  + \*1  TjhE  CEpENCENCE 
STOP 
END 


function  x<a<  sic-ma,  omeGaj 
common  er 
complex  XKA 

H*  SIGMA/1 (0“EGA»ER)«8.86E.l2) 

Fh*  SSRT ( .5*(SCRT( 1.*(h**2) >*1. ) ) 
OH*  SGRT( .5*<SCRT( l.*«H**2) >-l. ) ) 
B8-  8meGa/(3.E8) 

XKAl-  b**Fh*S3RT ( E« ) 

XXA2-  B8*GH-S3RT(ER) 
xk«-  CMPlX(XK*i,Xk42) 

RETURN 

E*  D 
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TABLE  3.1  (CONTINUED) 


1.  FLNCTie.  CG*mka(C*) 

2.  XX-JA 

3.  ir«xx. 57.  16.6,4* 

4*.  4*  IEK-2 

5.  CGAk,*ia»  1 »E  75 

6.  KETw^N 

7.  6 x-xa 

8.  E"R*l*0f-6 

9.  IER»0 

1C  • CC-AMiA-l.c 

11.  ir(X-2.0)5c*?0M6 

12.  10  1F<*-42.0)11C,11j,15 

13.  15  x-x-l.c 

1 <*.  SG  ArrAiCGtr-'A** 

15.  GP  Ta  ir 

16.  50  !F(X-l.C)6C«120«110 

17.  60  IF(  x-EF<R)4S2»62,8C 

13.  62  y«Fl0aT( 1\T(X) )-x 

19.  IF  (Adsm-ERR)i3C,13C.6* 

20*  64  If(1*C-v-ERH)13c«13C/70 

21.  70  IF( A-i.„inc,8o#llC 

22.  *0  CGa^a.OQa^A/X 

23.  *"X*1.C 

26.  G«*  T3  70 

25-  110  Y-x-l.C 

26.  GY.i.j*v.(-c.577lCi74V#(*c.9858560^Y*(-c.8766*ia*y«(6C»*3282l2* 

27.  1Y«(-0.568*729*y*(*0»25682C5*y,(-c.c514*993C)  )>>))) 

28.  CGA''f'A4C3*r*r'A»GY 

29.  120  REToHf. 

30*  130  I£N* 1 

31*  RETURN 

32*  E'.D 


1.  Sl.fc  <9oTlNE  ^RC.CZZ.CCBSL.,) 

2.  C StnR*oTI\E  •pslS-'L* 

3.  C 'BSlS*l’  Ce^F^TES  eeSSEC  - faction  -Ith  COMPLEX  *BGL',fMS 

4*.  C ANC  LROfC  A\C  1.  ACCURACY  cpY*  6 T*.  0£CIpal  PlaCE  9s  P9«e  IS 

5.  C 9BT*lNEw  F*»fi  AbS(  L ) LESS  TkaA  ?C . 

6.  C SuBR3s.TINp  eSTBOyS  ITS  I*P-.Y  vau,£S 

7.  IMPLICIT  r8"Pi.EA«MC>#  6E  *L  • T I 

8.  K«N9*D 

9.  TX«WcAL<C£Z> 

10.  TY.Alf-Af.(0Z2) 

11.  * • T * 

12.  y.ty 

13*  T x • .5C-«Tx 

14.  Ty.'.5Co*Ty 

15.  th«tx*tx-ty«yy 

16.  tE«2»wQ»Tx#Ty 

17.  B.% 

18.  ETC* 1 0 • „ 

19.  L,(SiBTlB«*4*l-,v«(X.».Y»Y)|»«!.ETr 

20 . TFB-l.C, 

21.  TF1-C.C-. 

22.  1 1 • < L*1 1 • (N*l*1 * 

23.  j«»*(?4Lana?) 

24.  CO  <»WL  < ■ i , l 

25*  TP« I 1 + { Ow*K ) •< 

gb.  tcb*t«/tp 

27.  T0 I • TE/Te 

28*  T**bTfr 

29.  TFB*i.Cw.rifc*rr4..»clATFI 

30*  4C0  TF  l • • ( YOmaTF l *TC I «Tc ) 

31.  IF  39  te  4^1 

32.  IF  r**GT.C)  Q 0 T9  •.? 

33.  4C1  C*NTj\0r 

3*.  0CoS*.j«:  C-P^xt  TFR#TFi  ) 

35.  BETww. 

36.  *C2  T 3 R • 1 . o , 

97.  TG I • U«c  „ 

38. 

39.  *C3  TC.y3b 

4C«  T3«»T 3R»Tx.TC1«Ty 

*1.  TGI«TC«yy.TGI»T, 

42.  Kw.N*-! 

*3.  IF  (V,.'3T.0»  GO  T • «c3 

<*4*.  Th*«i.0q 

4.5.  C?  YJ4  -»,1,L 

46. 

47.  * C 6 

48.  TCB4ToR/T« 

49.  T 3 1 • T .j/Ta 

50.  TT • TF  w 

51.  TFH«TFK«TGfi-Tr  |*TC1 

52«  TFl«Ta»T(»!4TFl«TGR 

53.  G*  TS  a 1 

54.  E^C 
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TABLE  3.1  (CONTINUED) 


1.  FUNCTION  CGa-Va(Cx) 


2. 

X XaJA 

3. 

IF ( ax-57. ) 6 » 6 » 4 

4 . 

4 

IER-2 

5. 

CGarMAbI  .E75 

6* 

RETURN 

7. 

6 

X-Xx 

8. 

ERR-i.Of-6 

9. 

IER-C 

10* 

CGArr.A-  j ,q 

11- 

IF(x-2.C)5ga50a 15 

12* 

10 

IF ( x-^.OJllCxllu# 15 

13. 

15 

x-x-l.C 

14. 

DGarra-cgap-'a*x 

15. 

GP  t3  ic 

16. 

50 

IF(x-1.Cj6Ca120#110 

17. 

60 

IF (/-£RR)62#fc2,8C 

13. 

62 

Y-FuOAT( I \T ( X j ) «x 

19. 

lF(AbS(T)-ERR)13C#13CA64 

20* 

64 

IP (1.G-Y-ER«)13C/13C#70 

21. 

70 

IF(x-1.:)«Ca80/11C 

22. 

*0 

CGaRmAbDGarra/x 

23. 

x-X-l.C 

24. 

G°  T9  70 

25. 

110 

T-X-l.C 

26. 

GY.i» j-v-( -o»5 77lci7.r*( 40* 985854c* r-f -0*87642 l«-Y-(-c**32*212^ 

27. 

1Y-(-0.5484729*y-<.0.2548205*v*(-C.c5149930)  )>>))> 

28. 

CC-A''NABOGAr-yA«GY 

29. 

120 

RETURN 

30. 

130 

IER-1 

31. 

RETURN 

32* 

END 

1* 

2. 

3. 


6 • 
7. 
&• 
9. 
10. 
11* 
12. 

13. 

14. 

15. 

16. 

17. 

18. 
19* 
20. 
21* 
22. 

23. 

24. 

25. 
26* 

27. 

28. 
29. 
30* 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 
40* 
“1. 
42. 
*3. 
44. 
-5. 
*6. 

47. 

48. 

49. 

SC* 

51. 

52- 

53* 

54. 


SLfc-^TlNE:  BSLSf'L<KSKD/CZZ#CcBSLj) 

C SU';R"oTINE  • RSLSf'L ' 

C 'BSLSru'  Cef'FoTeS  BeSSEL  - FUNCTION  *ITH  COrPLEX  AfiGL^f MS 
C ANC  fcROt^O  AND  1.  ACCURACY  UpT9  fcTR  DECIMAL  PLACE  8*  p0«E  IS 
C 8BT A I NE^  F*R  AbS(Z)  LESS  TRAN  2C. 

c subroutine  destroys  its  input  values 

Implicit  C8“pLE*4 ? ( C ) * RE*L-4(TJ 
N-N4RD 

TX. WEAL(CZZ) 

TY. AIMAG(CZZ) 

X-T* 

Y«TY 

TX.  ;.5Do-Tx 
TY»  "'«5Cq*TY 
TRbTX-TX-TY-TY 
TE-2*uQ-Tx-TY 
r-n 

ETC-10. u 

L-(S3»T(«.R.io,o#«X-X*Y-Y) )«P)4ETc 

TFR-l.Cu 
TFI-C.OC 
I I ■ <L*l > • (N-L-l  > 

Jw--(?4L-N4?> 

09  -OC  <• 1 j L 
TP- I I-M  J^4K)4< 

TCR.TR/TP 

TSI-TE/TP 

Tr-TFR 

TPR-i«Cjc-TJP-TFR4T0I#TP  I 

4C0  TFI--(T0R-TFI4TGI-TC> 

IF  (N.E^.Q)  39  T9  401 
IF  (N.QT.O)  Gl?  T9  4C2 
4 C 1 C9Ml\uF 

CCBSLJ«CCWFLX( TFR,TFJ ) 

RETURN 

402  TGR-1.DC 
TGI-O.Ci 

4C3  Tc-TGR 

TGR-TGR-TX.TGI-Ty 

TGI-TC-Ty-TGI-Tx 

if  (N4.GT.0)  GO  T 9 4q3 
T»-  1 Oo 
C?  4J4 
wf'D-f''. 

* C 4 TabT»-w“C 

TGS-ToR/T- 
T3I-T  iJ/T. 

TT -TFH 

TFR- TF  r«TGR“TF I-TCI 
TF  I-TD-TGI-TF I-TGC 
G“  Ttf  4,  ■! 

END 
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TABLE  3.1  (CONTINUED) 


Swfi'OuT  1*>E  nESM(*».  I*D»XyO/  IE*  I 
Sv,aNPuTlNt  •»ESP' 

' BE  S* • C0“PuTES  h*K<ll  FUNCTION  »lTh  C0mPuEX 
SuB*0uTIN£  CfcSTROtS  |TS  INPUT  VALUES 
implicit  complex.i6<C) 

IMPLICIT  RE*L«a«T) 

C'O'PLtX  2* 

Cff^PuE*  **0 

C1MENS10N  CT(l2>»CTT(6),cTX(6) 

CXa£X 

IE(‘*»LG»6»a,'D.xINC«eC*1  ) Go  TO  3C0 
Jr(S.ES*0.AND.KlNC.EG«2)  GO  To  *00 
jr(\.£il.l.*SD.Kl*'C*ECM ) GO  TO  300 
JP ( '.EG. 1 •A*C»xINC >EC *2 ) GO  TO  *00 
300  0**Ga*CCmPu«(0.DC.-1.C0> 

GO  TO  500 

• CO  C»*0**CC'*Pl*(0«CC«1-CC) 

GO  T 8 SCO 
500  trx«REAliCx) 

TIX.AlMAGlC*) 

T»aG*  SuRT<TRX**2*TIX*.2) 
CBK«„C'*Plx<C.JC«C.DC) 
tP|.3.i*159?65 
IF(M  1C.2C.2C 
10  IEB-1 
BET  upN 

20  IF  (TmA G-l 70.00)  22.22.2 1 
21  IER*3 
RETURN 


25 


6CC 


22  lER*w 

if  (T«AG-i.Dc>  36*36/25 
CA.  CEx° ( »C*  > 

CP*1 •00/Cx 

CC*  Cs&BT (CB) 

Ir  < bEal  » Cc ) 1 100  / Id  * lCi 
IOC  cc.-cc 
101  continue 
OTtn.CB 
OS  26  L-2/12 

26  CT(u)«0T»u-l>«CB 

CTT< 1).(Cx/3*T5DC)**2 
CO  600  LL*2.6 

CTT<U.)»CTT(Lt.-ll*DTTll) 

CTx« l)-ICx/2.00)**2 
CO  605  ULL*2.6 

ULL>-CTX(tLL-l)*DTx(l> 

•1)  627/270.627 
627  1F(T:-aG-2.C000)  610/610.27 
C»^PwTE  10  and  T»-en  kc 

ClC-l*CC*3.5l56229DC*CTT(l)*3.C899*26C0*CTTl2) . 
♦l.2C67*92C0*CTT( 3)*.2659732C0*CTT{*)*/C36076«CC«CTT(8) 
♦•0v*5813CC»CTT(*) 

CGO«*C0L9G(CX/2*CC)*0l0».5772i566D0***227e*2OCC*CTX<i) 
♦•23C69*56CC*0Tx(2> ♦ • C3*8859CD0*CTx  < 3 )♦ .002*269 8CC*CT  x (* ) 
•*.C0vlC750CC*0Tx(5)**C0CCC7*0D0*DTx(6) 

IP(M  22.628/629 
CBKaOGO 
GO  TO  220 


6C5  CT 


610 


628 


C COMPUTE  <9  USING  P8lyN0PI*L  APPROXIMATION 

27  CG0*DA# (1.25331* i*DC-.l5666*18C2*DT(l;* *088 111278CC»CT (2) 
2-.09139095*DC*CT(3)*.13**5962D0*CT(*)..229985C3CC*CT(«) 
3*.3792*j97CP*0T(6)-.52*72773C0«CT(7 J4.5575368*CC*CT<8) 
*-.*2626329C0*0r(9/*.2l8«5M;CO*ff7flO7-»C662c9787CC*CT(ll) 

5**00918938300*CT( 12) ).DC 
IF(N)2C/28.29 

28  L)PK*DGO 
GS  to  2C0 

C COMPUTE  li  AND  THEN  K1 
27o  1F(TMAG-2.000C)  629/629/29 

629  CIi*CX*( .5CO*.8789O59*D0*CTT( l)*.5i*98869C0«CTT(2) 
1*.15c»*93*CO*0TT(3)*.C2658733d0*Ctt(6)**0O3C1532CC*CTt(S) 
2*.0r032*liCC*0TT(6) 1 

CG1»C0L9G(CX/2.CC)*CI1*( l*D0/CX)«(l.Cc*.15**31**CC*CTx(U 
’.-.67278579C0*CTX(2)-.1815689700*CTX(3)-.C1919*c2CC*CTx(*) 

2- .C3n0‘,C*C0*0Tx(5)-.00C0*68600*CTX(6)  ) 

IP  (N-l)  2C. 630.31 

630  OeK.JGl 
Go  TO  2C0 

c 

C COMPwTE  <1  USING  polynomial  approximation 

29  CGi«uA.<  1. 25331*  IC0*.*699927cC0«CTa)..l*68523cCC*CT  12) 
?*.1?80*?66CU*CT( j)-*i736*316CC«CT(*)*.2i*76l81CC*CT(5) 

3- .*59*3*21CC*CT(6)*.628338o7CC*r:T(7)-.6t32295*CC*CT(8) 

»♦ *5  '5C2386C  •2T(9)-.25813C38C0*0T(10I**:788CCC12CC*CT(U) 
5-.CIC«2*lT7C0*CT( 12) ) «0C 
IP(N-1I2C. 30.31 


FRO-  <0 » < 1 COMPUTE  *N  USING  "ECuRRENCE  RELATION 


ICO. 

121. 

102. 

103. 


106. 

1C7. 

ICO. 

1C9. 


112. 

113. 

11*. 

115* 

116. 

117. 

118. 
113. 


CGj*2.CC*(FL0aT(„)-i.Cc!*DG1/DX*CG0 
1 P ( C*faS ( OGu ) • 1 *C70  ) 33.33.  32 

32  !£<»•*• 

GS  TO  3* 

33  CGC'uGl 

35  C01«G. w 
3*  CPxaCGu 

G-  t-  2.0 

36  C“*.x/2»CC 

IP  (REAu(CB»I  7c.7j.7c 
71  IP  I AlhAG(CB) ) 72/7C.73 
7?  TAN5«.TPI/2.CC 
G*  TM  75 

73  TanG.TPJ/2.00 
75  tabs*  C*BS(OB) 

TAR«C.5772l6DO*»LOa(TA0S) 

Ca*  Cmplx(TaP. TaNG) 

G“  To  76 

7c  CA.  ,.57'2156600*  CLOg'CB' 

76  CC*CB.Ca 

IP(N-i)T7,*3,J7 


uS  I N«j  SERIES  E*P*',S  ION 


Win  0*0 


BE*K  066 


BESK  0*9 
BESk  070 
BESK  071 


BESK  07* 


BESK  079 
BESk  080 
BESk  081 
BESk  082 


BE**  PC* 

BESk  mc9 


BESk  091 
BESk  092 
BESk  093 
BESk  09* 
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TABLE  3.1  (CONTINUED) 


37  COO-LA 

Dx2jOCrPLX<  l.COOCC) 

TFACT«1«CG 
T^  j-OD  0 
O'-  J- 1 , 6 
TOj-i.DC/FLflAKw) 

C>2w-0X2J«CC 

TFACT«TFACT»TRw*TfiJ 

ThJ-THJ+TOw 

*0  CGo»atiO*CX2J-TFACT»(TLj-CA) 

*2  DBK-D'JO 
GO  TO  2C0 
C 

C CAPOTE.  Ki  USING  SERIES  EXPANSION 
C 

*3  CX2J-DB 

tfact-i.co 

Tlj-i.DC 

CG1»1-D0/CX*DX2w*  ( .5DOCA-THJ) 

CP  SC  j«2#8 
C*2 J*CX2J  *CC 
TRj«1.DO/FL0AT(j) 

TFACT»TFACT«TRw«TRJ 
TL j«  THj^TRw 

5c  DGi«DCilCX2J*TFACT«( .5DC4(DA-THj)*FL0AT(J) ) 
IF(\-l)3l, 52,31 
52  CBK-DG1 

c c*kpute  han<el  function  dsing  k®  and  ki 
c 

2C0  IF(\.EU.0.A‘.C.KINC.EQ.1 ) Go  TO  110 

IF(\.£0.C.AND.KINC.EC.2)  GO  TO  115 

IF(N.EQ.l.AND.KINC.EC.l)  GO  TO  120 

IF(\.ed.1.aND.KINC.EC.2)  GO  TO  120 

110  CQH"-2.D0*CCMPLX(c.CC,1.D0)»CBK/Tpi 
GO  TC  130 

115  DBH-2.D0*CCf/PLX(C.CC,l.C0)»CBK/TPl 
GO  TO  130 

120  DBH"-2.D0*CbK/TPI 

XY0-CBH 
130  CONTINUE. 

RETUHN 

END 


BESK  ICS 
BESK  1C9 
BESK  110 
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APPENDIX  B 

TABLES  OF  MEASURED  CURRFNTS , CHARGES  AND  ADMITTANCES  ON  UNLOADED  MONOPOLES 
OVER  A DISSIPATIVE  HALF-SPACE  AND  ON  MODIFIED  BEVERAGE  ANTENNAS 

This  appendix  contains  all  the  measured  data  described  in  Part  III. 
Table  3.2  lists  the  measured  data  for  the  current  and  charge  distributions 
on  unloaded  monopoles.  The  following  terms  are  defined: 


{^}RMAG 


{q}RFAZ 


{ }NMAG 


(n}NFAZ 


{q}NREAL 


Raw  data  for  current  and  charge  magnitudes. 
Raw  data  for  current  and  charge  phases. 
Normalized  magnitudes  for  current  and  charge. 
Normalized  phases  for  current  and  charge. 
Normalized  real  part  of  current  and  charge. 


{0>NIMAG  = Normalized  imaginary  part  of  current  and  charge. 


The  remaining  tables  list  the  following  data: 

Table  3.3.  Measured  input  admittances  and  impedances  of  a monopole  over 
dissipative  media. 

Table  3.4.  Measured  current  and  charge  distributions  on  modified  Beverage 
antennas . 

Table  3.5.  Measured  input  admittances  and  impedances  of  the  modified 
Beverage  antenna. 


CwMUM  ; is»i«iec»i8^  IK  *-»/v#LT 


i«e*Sv.beO  Ch»«0f  ciSTRietTieK  Ik  PiccetL/veiT> 


P 


k 
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TABLE  3.2  (CONTINUED) 


1*>C  C»*hOi  6K  rONOFeU 

B{T«L/e(T«C  • 1.1*1 


**C*SOSEC  N T CliTSlBL’U 


*'E*Su«CO  Ch a(JQf  CISTuieuTleN  In  PICC8tJL/veLT> 
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TABLE  3.2  (CONTINUED) 


T AsC. 


C»AH0f  OK  •>OKO»OCl  AK  T|  K 
Bt’AL/OITAC  ■ 1 .C62 


> or  o.*"£ 

. ■cm 

. JCO.CO— l "t  ■ *C»7 

a.  "Iasobid  cc.«"ikt  cistsiet^ioK  ii 


» a»i»  r"csr  -ate* 

h/la^Cao  • 1.CC0 
0/tArCAC  • .0100 


9.128 

5.9*? 

7.J0C 


1*2*2 

15C.CC 
11*. 50 
115. *0 
55.  *C 
■ 2. SC 
5*.?C 
5*. 1C 
**.5C 
37. OC 
30. (C 
?S.?C 
21.2C 
17.2C 
12. *C 
5.1; 
5.*c 


•5 7,?c 
•9C.BC 
•ll9.CC 
•135.20 
•1**.*C 
•15C.CC 
-15*. 6C 
-157. 7C 
•16C.CC 
•161.6C 
•163. 2C 
•16*. 3C 
•165.5C 
•1*6. 3C 
•167. ?c 
•167. 6C 
-168.10 
•168. SC 
-169. CC 
•169. *C 


soar, 

Isr  *0 

J.««C 
2. 11C 
2.60C 


3.20C 

3.56C 

3.92C 


3.72C 

3.20C 

2.6SC 

2.2JC 


klZlC  CaTa 

IkFA2 


•15. 2C 
•22. 5C 
•12.00 
rtC  «9C 
•7C.6C 
•72.eC 
•8«.2C 
-15. 2C 
-91. 1C 
-97. «C 
•1C2.9C 
-IC5.7C 
•1C*.6C 
•111.6C 
•117. *C 
•12*. 6C 
*133. 2C 

-1*2. 2C 
*172. 2C 
•2C5.IC 
•23*. OC 
•26C.2C 
-259. 6C 
•265.CC 
•2*9. 6C 
-?72. 7C 
•275.CC 
•27*. 5C 
•271.20 
•275. 3C 
•28C.SC 
•211. 3C 
•282.20 
•282. *C 
•283. 1C 
•283.5C 
-28*. CC 
•28*  «*C 


iKOfAL 

2.818 
2**8C 
2*592 
2*123 
*•«?* 
2*110 
1*556 
1*115 
•216 
••2* 
•CIS 
-•302 
••*** 
* *179 
•1*19* 
•1*389 
•1 .*85 

•1*918 

•1*918 

-1*908 

•HU 

•l.»6* 


• 225 

• 250 
•275 


rE»Sk«EC  ChaBOF  CISTB|BlTIOK  Ik  *!CC80k/V*LT.7 
NOsrALlZEC  CAT* 


• 1 So 

• •.75 


U.?96 

9.167 

9.752 


1.196 

3.138 

3.3*6 

1.955 


1.3*6 
2.338 
1.257 
1.05* 
1.901 
2.98c 
••  33 


•129. *0 
•1*7. 5C 


-107. 2C 
•1**.0C 


Csr.O 

22.82C 

18.52C 

17.68C 

17.06C 

16.*6C 

l5.*0C 

1*.  l*c 

12.76C 


• *.CC 

•9.1C 

•1*.1C 

•i8. ac 
•21.5c 
•29. 1C 
•15. CC 
•*2.*C 
•52.CC 
•65.0C 
• 81. 1C 
-10*. 5C 


•187. 6C 
•19C.60 


OKtfAL 

22. $*C 
1 8.  *79 
17.667 
16.5*6 
15.582 
l*.ifl 
12.168 
10.998 
6.81* 
5.967 

I. «1S 

•soc 

•1.801 
!***l*l 
•6.710 
•8.869 
-10.608 
•18.161 
-19.1*C 
•1*.10C 
•l*.*ll 
•1*.665 
• 1*.9*C 
•19.99* 
•18.598 
•10.969 
•9.9*7 
•7.79* 
•8.71* 
•1.808 
••9** 

1.29* 

Mil 

*•011 

8.070 

10.8*9 

II. 991 
(8.9*0 
1*.*79 
18.8*7 
16.987 


-5.10* 

r*.191 


.*.288 
•3.23* 
•2.0*1 
• •9*0 

•ore 

!:« 

2.7*8 


*.091 

..0*8 

*.058 

i«*oo 
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• »co 


••5c 

•*oc 

•Mg 


• i-.rif 


k*>C  C«-A<.0»  (Jk 
•€r*k/e(T< 


'TtkK»  e«(» 


»t»*u«iC  CbMfk 


•BKeMtf  i 

: • !•»•!  m/iapC 

•0*7  C/lA>-C»0  • 

Ik  *-A/vBl» 


‘•#s<"»lUiC  C*7a 


lk*8AL 


»-*ic 
*•  i*c 

1- *oc 

2- 1#  C 

C 


»*o«c 


«3l.< 


I.lc 


».»*w 


‘•we 


w.. 

2t.;; 


5.22C 

Lt(C 

5.4*0 

S-MC 


•91.CC 
•42. SC 
•71.  4C 
•77. *C 

•11. cc 


2*701 

Mil 

*•*7* 

7-143 

*M8S 


1-914 


1.419 


•i.i«c 

•1.9*7 


1.2C 


9.224 

7.967 

1.17* 


l'-J: 

i*.e: 

il8.CC 


]-a*C 

I-94C 

i.MC 

l-i*C 


•If .|C 

•1C. 1C 
•9i.4C 
•9* • CC 
-98. 1C 


••C7f 

••24* 


•9.5C* 

rS«*19 

•8.589 


• 1*.  * 


•97.CC 
•97. 7C 
•91.ee 

ICC.CC 


«"£*SulCD  CHABOf  CISTHIBL7II 


Cslf  *l 


24.66C 


-i4.*C 


•32.00 
•*C.9C 
•54.10 
•91.00 
•135.20 
-141.00 
-172. 6C 
•179.00 
-122. 6C 
-185. CO 
-187.00 
•188. CO 
•188.00 


22.64C 
22  • ICC 
21.54C 
20.72C 
19-06C 
1 7 . 1 PC 
15.1BC 
12.*0C 
9. 520 
4.30C 


».*6C 


• 12C 


7.580 


IC.i 


13-880 
15.72C 
1 7. 74C 
19-880 
21*  IOC 
22.7*0 


J».*ei 

22.561 
22.07* 
il.fli 
2C.Q49 
18.1*8 
15-918 
13.817 
10.914 
7.219 
3.5,* 
-.07* 
-3.41J 
*" .147 
*10.591 
•13.178 
•15.70* 
•17.492 
•1*.732 
•20.895 
•22.518 


wISffilBuTllk  87  CkPBfkT  AkC  C»AB0|  Ok  •OkOPOLf  ‘ 
*l7au/BCTA(.  . .0911  6C T AL/8CT  AC  ■ 1.082 

PP£30fkC»  • 3C0.CCHM2  ot  . ,cty 


500 


PE*80I£D  CLBBfkT  C j STB IBLT 10k 


>T£kk*  OvfB  PB(Bt>  P ATfP 
M/LA*-CAO  • > 

O/LAPCAO  ■ .0200 
Ik  PA/VOLT 


NOBPALIitC  CAT* 


Im-aO 


IkBf AL 


*.0C 


83.  *C 
*3.90 
91. 9C 
•*. CO 
*3.CC 


31.! 


2. IOC 
1.54C 
l.*0C 
1.70C 
2.22C 
2.82C 
3-7«C 
3.820 


>.50 


34. 8C 


>.10C 


3*.*C 


• -4*C 


13.40 

32.43 

31.5c 
36.5c 
29. 5c 

21. 1C 

28.90 

21.40 


I.4JC 


>.2*C 


28.. 


21. *C 


3.88C 

3.1*C 

2.56C 

1.98C 

1.08C 


21.50 

rii.oo 

•*l.4C 
-41. 1C 
? 71 .5C 
•77.00 
•82. OC 
•85. BC 
•88. 2C 
•9C.6C 
■91. 4C 
•92.40 
•13. SC 
•9*  9C 
*99. 8C 


1*991 

1*491 

1*171 

1*175 

1*C7| 


•BIB 


•7*9 


6.879 


•6.714 


.591 


* • 7C 


•72C 


•9*. 1C 
•*4. *c 
•94.40 
•14. 4C 


7*171 
VllO 
• •!** 


• *.227 
-1-842 
•1.121 

• 2.5*4 

• 1.84* 

• 1*073 
..718 


PJABoPfO  CkABOr  C 11TB  j Be  ' 1 6k  Ik  P I CCOC’L/VBL  T. 


kOPPAL 12(0  CATA 
SkHAO  CkfAf 


OnB|al 


10.  '05 
6.00* 
7.151 


3.3;* 

2-305 

1.335 


23.000 

19.3B9 
1*.|5C 
15.711 
I*. 781 
12.775 
11.129 
5. IBB 
8.9BC 


• 2.**1 


>.11» 


1.478 


1. «18 

2.  *19 
1.95* 


••1*2 


8.I6C 

11.38C 


6.255 

7.13* 

7.656 


ll.lCC 


•1.72* 
•8.J2i 
•B.79* 
•11.184 
•12.879 
•14.379 
•18.132 
•17.185 
•19.  HC 


-2.718 

-2-899 

•3.1*1 

-3-00* 

•2*98* 

-2.487 

r«**08 


•l*1 


f 1*425 
• J «OBC 
..558 


:§5$ 


1.293 


..411 


•2.321 

-J.7«* 

-5.151 

•5.827 

•6.302 

•4.750 

-6.571 

•4.183 


-5.229 


,*.*59 

• 1.408 

• 2.448 


1.5*8 

i.*23 

2.937 

1-148 


:SH 
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l»»- 

. .TH-  » C.»»t‘  » 

•C  C •AfcGi  e*  *e80?8l.l  * 

8 88*  •«(•  »B(S 

• *T|B 

“W 

C’»w  « .;*6« 

8l’»C/BC 

T*C  • 1.C18 

*/J**C*c 

• 1.500 

• U. 

-15C'  • 3CO«0C»«*-2 

ft 

• .C67 

C/L**C*C  • . 

SCO 

8.  **1*50*10  COIREM 

oiSTsiec’le* 

I*  H*/»etT 

0*7  * 

*•987*  At 

2EC  C* 7 * 

'+ 

« 

1*7*2 

2 8**c 

1 *9  *2 

1kB(*L 

8 1**0 

Z/CAAOO 

3*2 

• 

(> 

155.2c 

2.16C 

• C.2C 

1.39* 

H.7C 

• 54C 

.025 

1 *5*C 

1-68C 

-29. 2C 

-.620 

•075 

1*960 

•57. BC 

- 1 .699 

■ICO 

•125 

95.5c 

2-72C 

-69. SC 

•|5J 

-2.566 

•150 

1 1 7 

-75. 9C 

•3. C*6 

•173 

>6. 

•85. JC 

• 225 

7 

26. 6C 

3.80C 

•»I.*C 

•3«799 

•290 

• C9 

22. 1C 

• 278 

2C.1C 

3.660 

•9*.9C 

7 

-97. *C 

•1.7*5 

•325 

6 

*0» 

1*.2C 

3.6CC 

• 350 

1C.8C 

• 375 

6.#0 

J*C2C 

-2.86* 

1.9C 

2.62C 

• *25 

• 

•*.5C 

-119. 5C 

.*50 

1 • 7CC 

-129. 6C 

• • 75 

? 

-1*7. 1C 

•1MQ6 

•500 

350 

928 

•59.60 

1.02C 

-2C*.iC 

.516 

•550 

•116. «C 

•*. 

-13C.7C 

1.82C 

•2*5. 7C 

271 

-:39.CC 

2.26C 

'27 

-1**.2C 

-2S9.2C 

2.613 

•650 

b 

708 

-1*8. 3C 

J-02C 

-263. 3C 

•475 

>5: 

-15C.9C 

-265. 9C 

‘91 

-261. 9C 

3.539 

•725 

-a: 

•271. CC 

3.439 

•750 

.31 

-l5S.ee 

•775 

•16C.C0 

-275. CC 

3.6*6 

•800 

-53 

■161.7c 

-276. 7C 

J.«66 

•625 

313 

-:63.5c 

3 • 3*C 

-276. 5C 

3.3-3 

■650 

7,6 

-165. 5C 

3.0*C 

2.689 

.875 

27 

•168. CC 

•283. CC 

2.592 

• 900 

• 

194 

•171.CC 

2.22C 

•612 

•925 

3 

213 

-291. 3C 

■618 

1 .58* 

.950 

65(. 

2 

3a: 

-163. 3C 

1-26C 

-298. JC 

•975 

1 

• 93 

-2C3.5C 

• 7*C 

-318. 5C 

.*90 

1*000 

Jo  3 

•251.5c 

• 52C 

700 

• 7* 

-299. 5C 

2 

•19 

-317. 2C 

1.26C 

-•32. 2C 

-1.219 

1-075 

733 

-325. 3C 

1.82C 

i;9 

-329. 3C 

2*28  C 

-••* . 30 

•226 

• 2.269 

1.125 

’•6 

-33*. CC 

3.C*C 

?3.C*0 

1.179 

ecg 

313 

3. 3*C 

-•51. 7c 

-107 

-3.618 

1 .223 

7 

09 

-337. 2c 

3.7*c 

*3.737 

-338. OC 

-•53.CC 

•3.735 

1*273 

6 

•338.5c 

-•63. 5C 

-3.653 

65  3 

-339.2c 

3.52c 

-6«6,?c 

-258 

-3.511 

1-323 

12* 

-656. 5C 

•3.230 

1.350 

• 3*C .CC 

-•55. CC 

-2.6*9 

1-373 

725 

-3»C.C0 

2-50C 

-•S5.CC 

-2.»90 

1**00 

-3*C.2C 

1 -625 

2 

-3*C.«C 

l.*8C 

•*5S.*C 

-1 .*73 

1-65C 

1 

625 

-•55. 3C 

-.856 

1.675 

989 

1 

.96 

-3*C.»0 

.58C 

-6SS.*C 

*•055 

-.577 

1 * 66* 

8.  **E*SO»E0  CH»«or  C 1 579  j 8t7  IBK  1* 

PICC8CL/VBLT.* 

a». 

D*T* 

*"8B».*Ll2rC  CAT* 

l/" 

“•a 

S*7*Z 

Cs*»Q 

CKEAZ 

CKBt*C 

081**0 

Z/LAHOAO 

OC* 

17 

.00 

22.26C 

22.2*0 

.000 

• 006 

CJ7 

7 

-2.50 

16.68c 

•2.5C 

. ..726 

• 023 

033 

6 

*1.53* 

• 080 

rsc 

210 

•9.2C 

-2.206 

T67 

’60 

-12.70 

12.8CC 

-12. 7C 

-2.81* 

• 100 

o»3 

5 

2ll 

•17.10 

11.58c 

r 1 7 • 10 

11.C6I 

-3. *08 

•125 

626 

-21.7c 

10.28c 

•21. 7C 

9. 581 

-3.801 

iit 

359 

-27.90 

*27.90 

-6.221 

133 

3 

38. 

-35. «C 

r35.sc 

* . 1 3C 

• 200 

15C 

2 

77? 

-*7.7c 

6.16c 

-«7.7C 

’23 

-6*. 1C 

183 

935 

•89. »c 

* • 30C 

-89.  *C 

-* • 30C 

230 

2 

' 92 

-116.5C 

* .66c 

•*•035 

-*.081 

• 300 

217 

2 

502 

-137. 6C 

-j37. 6C 

•*.106 

233 

3 

-15C.3C 

•5.991 

•3. *19 

25g 

j 

789 

-159. 6C 

«.*2C 

•189. 6C 

•7. *92 

-2.938 

267 

-165.7c 

r2«*21 

• 600 

283 

300 

5 

- 1 7* . *C 

•11.7*6 

-177.60 

-.822 

.*75 

66: 

•1SC.2C 

-182.8C 

•12.768 

.525 

367 

5 

688 

-185.8C 

l2.6*c 

-i«s.|c 

-12.?78 

383 

S 

•12.090 

•00 

133 

-19C.20 

ll.aoc 

-19C.2C 

-11.2*C 

2.01* 

•17 

608 

1C«2*C 

•9. *71 

2.30* 

• 625 

• 33 

Cl* 

• 1 96 • 6C 

•?22 

3 

‘8« 

•2C1«00 

7.52c 

• 67 

2 

682 

•2C7.7C 

5.96c 

•2C7.7C 

.B.«7 

2.770 

• 700 

• 83 

2.697 

2 • 9«c 

-2*6.  «c 

2>5*C 

2 • »8* 

533 

•39 

*319.90 

3.62c 

•319. JC 

2. *16 

2-20* 

-336.7c 

-336.70 

♦.819 

J.9*6 

-3*5. 6C 

-3*5 .60 

6.386 

1.631 

M3 

3 

-35C.8C 

8.02C 

•3SC.6C 

7.91? 

« 

158 

-35».5C 

9.  ?*C 

•35*  «8C 

9.197 

10.607 

-359. 2C 

1 1 '?*C 

•359. 2C 

11.239 

-36C.7C 

12.112 

-363. 5C 

12-*2C 

-363. 5C 

12.117 

-365. OC 

12.076 

-366. 3C 

1 1 • *6C 

•366. 3C 

J‘.|»l 

1C. 680 

-3»7.?C 

10.8»« 

• 

-368. 6C 

*.?»C 

•368. 6C 

ri.38I 

-369. BC 

7. 101 

6.7JC 

-372. CC 

6.873 

-375.50 

-J75.5C 

6.74C 

-382. 3C 

-382. 3C 

*.M7 

-«09.6C 

1-26C 

•6C9.6C 

• 106 

-506. CO 

•5C6.0C 

-529. ‘ ; 

-J29.9C 

•3.**5 

-536. OC 

-9. 107 

-5*0.50 

* • 90C 

•56C.5C 

•8.J5C 

-5* 1 .6C 

•10.114 

-5*2 .5  C 

-5*2. 5C 

-11.6.9 

•59 

-?«3.CC 

• 5*3. OC 

-13.00* 

• so.sc 

991 

7 

155 

-8*3.70 

19.90C 

•5*3. 7C 

•IS. 867 

1.024 

it 
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I 


; .'S’-ium* 
»-f  AtKC* 


'{•StfiEC  ClKSl ► 


• *C«7  C/lA»C*C  ■ 

' CISTSIet»l#*>  IK  P*/»8CT 


K9«r*LlZEC  C*T* 


•I  • 1C 
*•  «cc 
-13. »C 
•*MC 
-*C.3C 
•7C.CC 
• 79.CC 
-IC.4C 
•**.CC 
•t*.5C 
•*B.7C 
r*c.»c 
•«.IC 
•9*.*c 
-9*.2C 
-91. 1C 
•1CC.7C 
-1C3.*C 
•IC7.9C 
-115. «c 
•13*. «C 
-183.2c 
-231. SC 
-25C.9C 
-269. CC 
-2*2. 7C 
-2*5. 3C 
-2*7. JO 
-2*3. 7C 
-2*9. *C 
•27C.5C 
•271. *C 
•271. 7C 
-272. *C 
-272. (C 
-273. JC 
-273. «C 
-273. 5C 
-273. ac 
•273. ac 
-273. ac 


-20C.2C 
-22*. 5C 


*'E*So«EC  ChaRQe  CISTRjeC7I9K  I 
S9RH4LI2EC  C»7a 


Picceci/vaLT.f 


21.80C 

1*.J19 

19.2*7 

13.1»C 

11.997 

10.7C1 

9.17* 

»•*!* 

s.a*7 

J.I91 

1.77* 


•it. 57* 

•it.a*c 

” 1 3 . i 1 7 
•it.?** 


•3.(7* 

-.|75 


8.J51 

t.25C 


••*50 
-.973 
•1 .*51 
.|.*57 
r2.177 
-2. *59 
•2. *51 
-2.«39 
-2.»ll 
•2.7*C 

-2.72C 

-2.551 
-2.33* 
•2*0*9 
•1.7*2 
•1 *3B1 
-1-05C 

• >*ac 

• •329 


.aa* 

.9*1 

i-09* 

1.1*3 

i.tlt 

1.179 

1.133 

•9|9 

.*75 


w 
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I S » »• ! Ow T 18*  -7  Cw8hf  • t i 
f'.  *.£*C7  • JC0.C0*~* 


'C  C-*76(  9*  P4K8Pei|  l 
tl(T*i/tlT*c  • i.cie 


"CASI/SIC  CCBSj* 


171. 3C 

133. «; 
74.9c 


32. 4C 
3C.2C 
it. I C 
23.3C 
24. *C 
25.60 
25. 1C 
2*.*C 
2 3.9c 
23.  *C 
23.  *0 
23.20 

23. CC 


• 76C 
1.22C 
1.76C 
2.32C 
2.66C 
J-C6C 
3.*2C 
3. fete 
3 • 6CC 
3.62C 
3.7CC 
3.66C 
3.24C 
3.00C 
2.5CC 
1-92C 
1.63C 

• *6C 

•toe 


1*3*1 

t**3C 

ii.ee 
-3*.»C 
*63. 6C 
*3* • CC 
-73. 4C 

-*«.6C 

•»>iC 

-27.7c 


f9C.6C 
• 91. 1C 
-91. *C 
•91. »C 
•91. 1C 
-92.CC 
•92.ee 
-92. 3C 


• 2 C9 

•1.C93 

•1.711 

•2.222 

•2.637 

•3.047 

t3.457 

rJ.792 

•3.220 

•3.7C0 

. 3.S4C 
•3.279 
•2.999 

•1.979 

..279 

*.4C0 


*'t»Su*tD  cmabof  ciSTBiecTie*  i*  picc*cl/v2Ct> 


-11.50 

-16.10 

-23.ee 


•179.60 

-1BC.5C 

-181.10 


«.6B***U2EC  CAT* 


.59* 


•121.2C 


C*«£Al 

21.627 
1*. 152 
19.044 
12.751 

*•211 

2.272 

4.7*2 

4.922 

2.96* 

.797 

•1.241 
•3.37? 
-e.34i 
•7. JOS 
•9.237 
•1C.42C 


•16.332 


..433 

.-•922 

•I'll* 

-1.2*2 

-1.32* 

•1*3*0 

•1.372 

•1*3*« 


•65c 

•600 

.650 


CIStBIBoTIS*  97  CoBB|*T  A*D  C-A*0£  86  1-6*92801  * 

*Lr*L/BCT«U  • .022C  BCTAL/9ETAC  • I.C14 

7B£5o£*C»  • JCO.CCMhZ  PE  • .047 


>T£**A  8»f B r«|t*<  4*t£B 

H/L6P080  • 

O/IABCaO  • .1000 


500 


1.731 

?.*i\ 

3.7*4 


2.621 

1.452 

1*122 


PEASOBEO  CLBBEKT  C!$TSlecTl8*  I*  PA/V8LT 


(B7aZ 

122.CC 

16C.SC 
97. 6C 
•4.90 
*1.6C 
36. 2C 
33.JC 
3C.IC 
29.20 
26.10 
27. *o 
24.60 
26.30 
29.80 
25.CC 
25.00 
2*. 60 
2*.60 
2*.*0 
2*.*C 


KSBPAI 

IxpaG 


• BOC 

• 240 
1.60C 

1 • 24C 

2*220 

2 * 4*C 
2 • J6C 
3.16C 
3.3*C 
3.34C 
3*260 
3.14C 
2*9«C 
2.7*C 
2*  32C 
1*44C 
1.40C 

• 22C 

• B6C 


I zee  CAT* 
1*7*2 

47.CC 
. »e.9c 
•17. *C 
r92.6C 
•71. *C 
•72. 2C 
r*l «9C 
•2*.|C 
•29. 2C 
•22. 9C 
T47.8C 
-»*.*C 
*22. 7C 
•P*.*C 
r9C.ee 
•9C.ee 
•9C.*e 
•9C.«C 
r9C.4C 
•9C.8C 
•9C.6C 


•3.120 
re.92o 
•2.7*0 
re. 320 


keasobeo  CHAwor  cistb i2lt  12*  i*  Picceui/veiT> 


2.111 

2.957 

3.65* 


S9BKALI2CC  CAT* 


CB7*Z 

• 3.00 
•3.5C 

•*.1C 

•*.*0 

•5.2c 

•4.6C 

• 7.7c 
-9.9C 

•12. *C 
•16.5C 
•36. 7C 
-13C.8C 

•16*. *e 
•173. oc 
•176. 3C 
•174. 2C 
•179. 6C 
-18C.6C 
•181. 3C 
•l22.ee 
•122.20 


•1*1. 3C 
M22.eC 
•122.2C 


ONifAL 

11.421 
19.771 
»*•*?? 
1*.177 
10.90* 
9.»37 
®. 1C* 
4.47* 
9.Q*C 
>•{»« 
1.127 
-.493 
•2.9*2 

r*.504 
•*•3*7 
•2.174 
•9.360 
•10.791 
-l*. *77 
•13.292 
•1B.5C9 


..977 
•1*023 
rl*l04 
•1.092 
•1.094 
rl-l** 
-1.102 
• l .01* 
..22* 
-.202 
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. t : o- 


• C-ttflj  ••  »9M*6Pi.f  r«c»»  .»Tt* 

•i*»L/eit»c  • l.cu  ►/i»>,c»c  ■ i.coc 

*t  • •£«>  c/L**z*c  • «29CC 


“i  * state  cts«i»-T  ciSTKiec’le*-  it 


• «:c 

.»25 

.•Sc 


6.776 

5*  '2? 


f’.'-S* 
2.3,7 
i • ; 7 


*w t It C C»’» 


1C.CC 

•Ji.ir 

•sc.jc 


.!*» 


...CO 


-7J.CC 


l.lr 


*M*C 

;*«c 


l..»c 

‘•IOC 


•*»c 


■*;c 


1‘llC 

1-52C 

'■lit 

*«1»C 

*«*ce 
*•*« 
2*760 
*.*CC 
*«7:c 
2.*«C 
*.53C 
<•29  C 


•tMt 

.IMC 

•M.tc 
•K.JC 
■«.JC 
-**.1C 
»*s.*c 
•97.10 
•«.|C 
-1C2.*C 
•1C*.*C 
•11*. 1C 
•127. 1C 
•1A1.1C 
-2  U.7C 
-2**ot 
-2s*.ce 
-2»C.*C 
•2tl.SC 
-2tt.ee 
-2*7. *C 
-2tS.CC 
•2*S . (C 
•*7C.«C 

-27i.ee 
-272. 7C 
•272. 1C 
-27J.5C 
•273. 7C 
-27J.7C 
-27..2C 


••*22 


..SC* 
-1.  IS* 
-1.77S 
•2.1 J* 
•2.1*1 
•2. *11 
-2.75* 
•2.120 
•2.*1* 
•2.711 
•2>*C* 
•2.17* 
-2.&1* 
• I .77* 
•l.»Cl 
•1.C1* 


•IS* 


-.55* 


-•175 
• • 1*7 
-•*« 
••*** 
-•1S3 
-191 
•MCI 
—ot* 
•*C1C 


-.111 


.ICC 


.721 


•CIS 


•C71 


• •cc 


1.1*5 

l.SCC 

1. *1S 
2.155 

2.  IS* 
2.620 
2.7*C 
2.*C0 
2 .*99 
2.6J7 
2..S7 
2.27* 
1.956 
1 .537 
1.1*7 


7*.CC 


.71* 


.*99 


s.  *,t*s>.»tc  Ck*ijgf  eisTtiei.’ie».  l.  picciu/viCt.' 

it-  3AT*  sSB^tt I2CC  e»T* 


.«7  «2 

-5.CJ 


5\f*0 


SN«r*L 


is.src 
1 1*260 
12‘3»C 
1 1*220 
ic.i.e 

9.06C 

7.  sec 

**6»C 

5*i*c 

«*9»C 

2*7. C 

2*12C 

2..2C 

3*9«C 


19. t?* 
11.1*5 
12. ?7* 
11.0*1 
9.913 
*.*11 
7.59* 
*.232 


*.»5* 


•177 


*.7.C 


*:»Ce 

7.93C 

«.52C 

2*060 

S»36C 

2-52C 


;..*c 


•17*. 2C 
-iee.se 


-213.5C 

•2Sl.ee 


•i.*i* 
-2. *77 
•*.*57 
•5.711 
•*.*29 
•7.15. 
••.?59 
fl.OSl 
•9.J5* 
-*.51* 
•*.*51 
•*•092 
•1.1.1 
•7.557 

•5. *91 
•*•17. 
•2.969 


1.1C1 


• 151 


J.3»C 


*.1»C 


*.J*C 

7..2C 
*.*« 
*.  9*0 
U.22C 
12.6*0 


1 .700 


-1 »*0* 
•!•*!* 
•1.171 
•2.039 
•2.100 
•2.171 
•2.291 
-2.11* 
-2.237 
•2.1*1 
•2.113 
•1.9*3 
rl«*03 
-1 «*13 
•1.1** 
-1.11* 


>.151 


..59* 
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>:e»t|8>  Cc»*r-' 

t tT»w  . .0*0’ 


**•0  C-*»0l  *6  I’fk^FfLf 
fct’»L/etT»c  • I.C*‘ 


6* T t KK*  e»CB  S*LT  P*T£S 

f/t»»-c»0  • l.CCO 


'-i  — £NC » ■ 3CC.CCr.-2 


<■  •■’1* 
l.*9b 
1.H2? 


I .397 

1 • 35 


r£*SCSEC  CWBBIM  CISTMBCTIS*  Ik  7*,v8CT 

■.8S"»U2EC  C»T* 


2***2 

1*6. •; 

:29.»; 
96.  rC 

51. lo 
♦ 1.2c 
3*. 7? 

3c.tc 

26. SC 
23. »C 
21. *5 
19. 3C 
1 7.3; 

13. 2C 
1C. So 

8.2C 


-13. 3C 
-*7.CC 
-1C7.1C 
-135.5c 
•1*5. 7c 
-151.7c 
-153. 7C 
-156..C 
-157. 9C 
-15*. 6C 
-159.60 
-16C.6C 
-161. 2C 
-162. 1C 
-162. 30 
-162. 5C 

-163.1; 
•163. 1C 
-1*3.10 

•1*3.10 
•163. 1C 


53. *C 
3«.7C 
l*.9C 
-1*.»C 
-*7.2C 
-63.9C 
-73.8; 
-6C.3C 

-ei.cc 
• **. ic 
-91. 3C 
-93. 6C 
•95. 7C 
•S7.7C 
-99. 6C 
•ICl *6C 
-1C«.1C 
-lc‘.*c 
-11C.6C 
-ll«.«C 
-12*. 3C 
-1*2. CC 
-222. 1C 
•25C.5C 
-26C.7C 
-26*. 7C 
-26*. 7C 
•271. «C 
-272. 9C 
-273. 6C 
-27*. *C 
-275. *C 
-27*. 2C 
-277. 1C 
-277. 3C 
•277. *C 
-27*. 1C 
-27*. 1C 
-271. 1C 
-271. 1C 
-27*.  1C 


-1*012 
*1 *C13 
* *952 
-•*31 


1 • 395 

2.112 


>E*SuBtc  c»*»oe  cisTKiecTie*  t*  *icC8CL/v*LT.r 

s6B*.*L12CC  C»T» 


22.5-'C 

:«.3-c 

17.76: 

17.22; 


22.  r 
l*.3k< 
17.71C 
12.C5-* 
16.37b 
19.11C 
1 3 .6c  3 
11.727 
9.  *72 
7.1*2 
*.**3 


>.268 

*.*J7 

..*97 


-19C.2C 
-191.7c 
-193.6; 
•196. 9C 
-2C2-3C 
•222. 7C 
•32C.6C 
-351. 3C 
-3*9. ;; 
•341.6C 
-3*3.2; 

-3*5. CC 
-3*5. 5C 
-3*5. 9C 
•366.CC 


2»C*C 
1.58C 
3.9*C 
6.5*C 
9.l«t 
11.7CC 
13.26C 
1*.96C 
1 7. IOC 
:*.68C 
2C.92C 


-1S8.9C 


•»oI» 

-ll.*C6 
•13.266 
•1*.*6C 
•16.3*8 
•l*.5c. 
•16.57? 
•1*«*3C 
•16.CC3 
-1*.*69 
•l3.*|7 
-11.57* 
•9.2** 
*7. loc 

•*.«97 
•1 .*99 
1.221 
3.195 
6.539 
9.176 
11.6*2 
13.2*1 
1*.903 
I 7.021 
16.8*1 
2C.I09 
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SCIENTIFIC-!  RADC-TR-77-S2-VOL-2  NL 


AD-A044  65! 


UNCLASSIFIED 


3 ^3 


AO 

A044  66I 


END 

DATE 

FILMED 

10-77 

DDC 
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.....ill  *"!>*■  «.!•  »«.' 

r»c  • i.en  n/k.»*'C*c  • i.ooo 

> Hit  C'i»'C»c  • .icoo 


I . I I «V 


le*  !•> 


l*.w3 

1».*C 

IC.2C 

i.cc 

•Jl.ic 

-ic*.cc 

•i*«.cc 

•isc.ic 

•132. CO 
•HJ..C 

•l55.*C 
•l36.CC 
-l17.tC 
•157.9C 
•l3*.7c 
•159.6C 
-J6C.4C 
-162.CC 
•16*. CC 
•l6l.CC 
-176. «C 
-226.30 
• JC*.6C 
•323. 2C 
-1*2.30 
•131. CC 
-332. 5C 
-333. *c 
-33*. 2C 
•135.  ic 
-J35.H 

•335. 7C 


i.a.c 

i.i  >: 

*6»C 

• 7*; 

l.i«c 

1.66C 

2.06C 

*•  96C 
I.62C 
l.UC 
3-26C 
1.J6C 
I.J*C 
3.2*C 

IXi 

2.72C 

2*26c 

1.66C 

1.36C 

• *CC 

• *2C 

• «2C 

• 66C 

1. J2C 
1.6CC 
2.22C 
2.96C 
2.66C 
3. 1*C 
3.3JC 
3.  J*C 
3. 3*C 
3.2«C 
3.12C 
2.62C 
2.50C 

2.  ICC 


1C.CC 

•*2.6f 
•47.40 
.7i.«e 
•21.9C 
•27. CC 
•2».5C 
•*l.6C 
•**•*1 
•»*.*c 
•»5.7C 
•»6.2C 
-M.2C 
•»*.6C 
•ICl.CC 

•id.ic 

•1C9.6C 
•IC».2C 
•11*. CC 
•1*2.  CC 
•226. CC 
•25*. 2C 
•2*3. 6C 
•262. CC 
•27C.3C 
•272. CC 
•271.*C 
•*7«.6C 
-275.  «C 
•276. CC 
•277. CC 
•277. »C 
-272. 7C 
•2  7* .*» 
•I2C.«C 
•222. CC 
•22*. CC 
-2*2. CC 
•2*6. 2C 
-3*6. 1C 
•«26.6C 
•**3.2C 
-«*2 . JC 
••51.CC 
•452. 5C 
-453. «C 
-454. 2C 
•455. 1C 
••55. !C 
••66. 7C 
•456. 1C 
-456. 2C 
•456. 7C 
•457. 2C 
-457. 2C 
••57. 2C 
•457. 2C 
•457. fC 
•457. 2C 


• •516 
•1 ..67 
•1.626 
•2*0 67 
•2.556 

•2.22c 

•1.11* 

•3.276 

•l.ltc 

•1.123 

•1.297 


• 3.123 
•1.221 
•3.2CI 
•2.76C 
•2.67* 
•2.222 


:"S 

•ICO 

•129 


•*5C 
• »75 
1-000 
1.029 
1*050 
1*075 
1*100 
1*125 
1*130 
1.175 
1*200 
1.225 
1*250 
1-275 
1*100 
1.125 
1O90 
1-175 
1*400 
1.425 
1**50 
1-475 
1.424 


5.  '6* 

6.  '23 

0.122 


►E*Su2eO  ChABOF  ClSTHieiTISk  Ik 
sO«»»U2tC  C»l» 


•5.0C 
-5.2C 
•6.5C 
•2. 1C 
•».4C 

•11. *c 

• 11.  *C 
-15.7C 
•l*. 1C 
•25. 7C 
-32. 4C 


1.26C 
6.4*C 
7. IOC 


•165. 5C 
•166. CC 


•362. 1C 
•16*. CC 


2|CC0Cl/v2lT.> 


Ck2|»L 

21 .*12 
16.0*7 
l*.077 
12.291 
11.25* 
10.630 
9.0*1 
7.926 
9. 272 
6.217 
2.191 
• 600 
•1.61* 
.1.272 
•9.101 
.6.921 
.2.462 
.*.*** 
•10.999 
•11.112 
•11.621 
•11.267 
•11.992 
•11.019 
•10.67? 
f*.497 
•2.210 
•2.990 
•9.446 
•1.202 
•1.729 
.092 
1.9*9 

I. 912 

9.427 

7.092 

9.49C 

9.999 

10.129 

10.979 

II. 109 
11.97* 
11.127 

10.240 
?•»♦* 


12.62C 
1 * .5*C 
16.63C 


10.1' 

0.91- 

7.742 


-*.»*! 
•10.777 
•12.922 
•l*. 421 
•16.509 


ft-*** 

-1.215 

•1.704 

•1.0*9 

•1.921 

•2.10* 

-2.111 

•2*112 

• 2*015 

f*.010 

-1*9*3 

•1.652 

• l.*7« 

•1.243 

•1.001 

-*7ll 


1-051 

1*199 

1.3*» 


1*210 

1.495 

1.739 


.975 

1.000 

1.025 

1.030 

1*075 

1*100 

1*120 

l*l3c 

1*175 

1.200 

1.229 

1*290 

1*279 

1*100 

1.125 

1.190 

1*175 

1*400 

1.429 

1*450 

1*479 

1.4*7 


L 
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CISTRIBtaTlS*  OF  CL»bc’T  »KD  C**80{  OK  K8A6R6LE  AAt|AAA  BV[S  Salt  »ATc« 
•t^At/SETRL  • .Cl»c  BETal/BETaC  • 1.C21  -/LA-CAC  . .900 


e*cr  • ic a.oo*i 


"E»SOSEO  CCRBENT  C ISTR I8A  IA  «*/v#LT 


►E*S-«tC  CNABOf  C ISTR IBKT IBA  I 


19.1BC 


I8.ll* 
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Mi 


oiSTniB-ue*  er  ct»«t‘T  **<c  c*.a«of  a*  re*.8Mu  s.(*  i»L»  .»u« 

«Cr*k/’)CT«b  • .CJ*C  BlT*i,8CTAC  • liOU  M/L8-CA0  • 1.000 

fbeccebc*  • jco.cc"»z  n • i.aas  o/ca**cao  • .2900 

«.  "t»8CBCD  CC«B|KT  CltTMIatTISK  |K  M/ytUT 
«U*  D*»*  sBRPALlZCC  C*T» 

I6“A<i  I»7*Z  Isc.O  lKf»J  IB«|AC  IM"»0 


j.tas 

2.651 

J*i«l 


7. *12 
7.628 
7.62* 


5::S? 

*.117 

5. rji 

4.68i 

6. *38 


i7J.*c 
l8».CC 
1J2.0C 
96. *C 
72. CC 
8*.7C 
•••CO 
•2.3C 
31. 2C 
38. CO 
32. 8C 
JC..Q 
2«.73 
28. 9C 
2*.C0 
23. 1C 
2c.  8C 
1*.*0 
1*.7C 
MC 
•2.9C 
•3*.CC 
•9*.6C 
•122.70 
-13*. 20 
•l*C.2C 
•1*3.90 
•1*5. 70 
•1*7. «0 
•1**.20 
-1*9.80 
-15C.8C 
-151.3C 
•152.30 
-l53.ee 
•]53.»c 

-153. 8C 
-l5*.CC 
•15*. 30 
•16*. 30 
•15*. 3C 


l.f*C 

1.3*C 

•98C 

•f*C 

l.l*C 

1. *8C 
1.82C 
2.12C 

2. J8C 
2 . 82C 
2. 7*C 
2.82C 
2.I2C 
2 . 78C 
2.88C 
2>*2C 
2.18C 
1.S8C 


• **C 
.7*C 

1 • 1 2 C 
1.S2C 
1.86C 
2.  IOC 
2.36C 
2.98C 
2.72C 
2.7*C 
2.8*C 
2. BSC 
2.62C 
2.22C 
1.88C 
l.5*C 
l.l*C 

• 70C 
•**C 


91.  «C 
38.  OC 
ie.ee 

•26. *C 

•9C.0C 
•88. 1C 
• 7«.0C 
*79.?C 

•sJ.ac 

••7.CC 

•19.40 


•95. 1C 
-94.CC 
•9S.9C 

•let • JC 
•1CJ.8C 
•1C7.JC 
•113.50 
•12*. 9C 
•158.00 

•2i*.ec 

•24*. 7C 
•288. 2C 
•282. 2C 
•28B.SC 
•287. 7C 
•289. 4C 
-271. 2C 
•271. BC 
•272. 1C 
•273. 3C 
•274. JC 
•275. OC 
•275. BC 
•275. 8C 
•278.00 
•278. JC 
-278. JC 
•278. JC 


•1.3*6 

•1.7*9 

rJ.OS* 

•2.34* 


•1.808 
•1  .*32 
•1.027 


K£A$c»EO  CbaBOE  CIBT»1BCT!8B  l*>  7ICCBUL/V8LT.F 
nSBB.l I 2CC  CAT* 


Mi 


1*196 

l.’*7 

?.37i 

2.795 

3.9*6 

J.J9* 
*.  314 


2.9*3 

2.361 

1.422 


C«Fa2 

•5.C0 

-5.70 

•8.90 
•9. CO 

-1C. 80 
•12. 9C 
•15.80 
•19.CC 
•2*. 30 
•32.80 
•*8. 1C 
•79.3c 
•121.80 
•1*8. 8C 
-159.3c 
•186.20 
•17C.SC 
•173.80 
•176.20 
-177.9c 

-179.50 
-18C.7C 
•182.10 
-183.80 
•184.20 
•188..0 
•l88.ee 
•190.70 
•19*. CO 
•20C.C0 
•216.00 
•284.00 
•333. SC 
•3*8. 8C 
•35*.*0 
•357. *0 
-359.20 
-361. CO 
•362. 3C 
•363. 2C 
•363.60 


•169.30 
•166. 2C 


•184.SC 

•186.40 


19.127 
14.050 
If .|90 
11.003 
10.098 
8. 890 
7.667 

6.JB4 

5.031 

».**3 

1.9J7 

.401 

*1.212 

•2.812 

•*.268 

•5.594 

•6.726 

•7.6J5 

*8.222 

•8.87* 

*9.f2C 

•9.*f9 

*9.Ji* 

•9.00C 

*5.410 

*7.632 


4.897 

6. JJJ 

7. J99 
••539 

10.172 
1 1.782 
13.613 


•1.673 
•1.402 
•1.487 
•1.7*3 
•1.928 
•2.038 
•2.1*1 
•2*188 
-2.272 
•2*232 
•2*159 
•2.122 
-1.955 
•1*8*0 
•1.612 
•1.37* 
• J.126 
..Sf9 
• •550 


1*051 

1.098 

1.067 


:',a 
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• t-*sQ.  ► *K"Peui 
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».  •’E»SG>«tC  Ck6*lM  CIStMecMe*  Ik  "P/yBL* 

'.Bsr.LI/rC  C*’* 


ICC.iC 

»»..C 

79. 'C 


l’.2c 

•7.SC 

•16.6C 

-?5.«c 

-33.*J 

•»C.5c 

•*1.  .CO 

•*7.«c 

•73. 7C 
•ll.CC 

•9*. SC 

•lll.'JC 

-i24«ec 

-l*«.oC 
-161. 85 
-j7».6C 
-i**.oo 
•199.SC 
•21.7. «c 
-215.CC 
-22C.SC 
-225.ee 
-229. BC 
•e36.CC 
-237. S; 
-2*2.*C 
-2*7. tC 
-252.6C 
-2i9.se 

-?S6.*e 

-J13.2C 

-37i.ee 

-3I5.CC 

-393.20 

-•cc.oo 

-•e3.»0 
•«C6.2o 
-•C®.5C 
-•ll.uC 
-•12.CC 
-•12. Be 

-*1*.5C 
-*i«.*e 
-•lS.Sc 
*•15. Be 
-•16.CC 

•*  I*  • eo 


* • 36C 

3.**C 
3.76C 
3 • 7iC 
3.7*1 
l.UC 

*-e»c 

* *2  JC 


* • 3*C 
*.2CC 
3.92C 
3.62C 
3.36C 
2.92C 
2. SBC 
2.36C 
2.22C 
2.26C 

2. **C 
2.72C 
3-OOC 
3..2C 

3.  sec 
3.70C 
3.B0C 


•l*Ct 

-11.6C 

•2*.9C 

•37.2. 

•SC.6C 

-62.  Be 
-7S.IC 
-B7.S. 
•96 .6C 
•ic5.*e 
•113.*: 

•icc.ee 
•127. 6t 
•133. a: 
-1*C.CC 
-1*7. Be 
-153.7C 
•161.CC 
-1*8. 6C 
•17B.SC 
-191. OC 
•2C6.BC 
-22*. 6C 
-2*1. BC 
•257.se 
•26*. OC 
-279.se 
•2B7.*c 
-295.ee 
-3CC.5C 
-3C5.6C 
-3C9.BC 
-316.00 
•3l7.BC 
•322. *C 
-327.00 
-332. 6C 
-339. SC 
•35C.CC 
-366. 6C 
•393. 2C 
-•26.7C 
-*tl.CC 
•*65 .CC 
•473. BC 
•4BC.CC 
•«B3  .BC 
•*B6 . BC 
•4BB.se 

•491.CC 

•«92.0C 

•492.SC 

•494.CC 

•494.se 

•*9*.ac 

•495.se 

•498.80 

-496.ee 

•49B.ee 


* • 73B 
*•983 
*•399 
3-927 
3‘9C1 
2.995 
2-398 
1*719 
•9*7 
• J76 


•3.329 

•3*99* 

•3.91* 

•3*423 

•3.293 

•2.919 

•2*933 

*2*107 

•1*981 

•1*068 

••911 

••095 

••99 

1*023 

i**aa 

1*878 

2*212 

2**32 

2-709 

2*692 

2*615 

2*933 

2.34* 

2*0*2 

1*71* 


• *928 
•1 *3*C 
•1.798 

•2*0*9 

•2*266 

•2*388 

•2*292 

•2*ll7 

-1*776 


•329 
.350 
• 379 


1.100 

1.129 

1*1S0 

1-175 


1-27S 
1*300 
1*325 
1*350 
1-379 
1**00 
1 .*25 
1 .*50 


*'E*9C»E0  Charge  ClSTRietTIBN  Ik  PICC9Ul/»9LT»b 


KBRfALlZEC  C»T* 
CKEA2 


4.726 
6 . 77  J 
6. ’26 


7.17* 
7 .*>23 
7. *3; 


CkpaG 

25.6BC 
20-06C 
1B.B6C 
18.70C 
1B.70C 
1 8 .5*C 
17.B6C 
t’.BBC 
16.8*C 
15.98C 


•9.8C 
•12.BC 
•21. 7C 
-3C.0C 
07. 9C 
•*5.2c 
•52.10 
•59. BC 
•67. OC 
•79. *C 
•83. BC 
•93. BC 
•1C5.CC 
•117. 9C 
-l32.ee 
•1*7. 5C 
•16C.0C 
•173. OC 
•18*. 2C 
•19*. BC 
-2C2.3C 
•2C9.CC 
•215.3C 
•221.CC 
-226.SC 
-231.5C 
•238. BC 
•2* 1.2C 
•2*9. 2C 
•257. 9C 
-2*7. 2C 
•2BC.5C 
-29B.5C 
•32C.5C 
•338. 2C 


•393.0C 

•357.10 

•4CC.5C 


•411.SC 
•4l3.CC 
•414. BC 
•4l7.BC 
•422.CC 

•*2S. 2C 

• 4*5. 5c 

•*9l.CC 
-546.6C 
•5B5.5C 
-573.ee 
•577.0C 
•5BC.0C 
•5B1.C0 
•582.ee 
-583.0C 
•9*1. 2C 


GkBcal 

29.9*9 
19.561 
17.5*2 
16.195 
1*.7B6 
11.064 
1C. 971 
8.9*7 
6.5*0 
*.0M 

1.962 
-.991 
•3.235 
•5.493 
• 7.62* 
•9.6*2 
•10.712 
•11.652 
•12.387 
•12.6*1 
•12. *97 
•12.7*7 
•12.156 

•11.597 

•10.977 
•9.051 
•7.5*5 
•6.224 
•4.109 
•1.996 
-.*** 
1.31* 
1.0*2 
4.661 
5.991 
7.399 
8. *36 
9.2*0 
9.7*5 
10.19* 
1C. 109 
10.220 
9.758 
9.0*9 
7. *ll 
8.69* 
5.72* 
• *702 
1.277 
1.819 


-2.599 

•6.981 

•9.150 

•11**87 

• 13.155 
•1*.093 
•15-2*9 
•15.501 

• 15**6* 
•14.379 
•13-*1C 
•12.07* 

• 10*375 
•*•*72 
-6.16* 
•3.899 
-1 -*31 

.910 

3-2*0 

5-290 

7.0*8 

8.7*9 

10*018 

11.0*0 

U-179 

11.531 

11.322 

1C«*0’ 

9.3Q8 

8-67C 

7.197 


:!:!!! 

*•0*5 
3 • ’o* 
5.27* 
6-33* 
7«*79 
*■»** 
9.971 
11-17* 


• 200 
• 225 


• 950 

• 97* 

1.000 

1.025 

1.050 

1*075 

1*100 

1*129 

1*150 

1*175 

1*200 

1*229 

YM 

YMl 

1*190 

1*375 

1**00 

1*425 

1*450 

1*475 

1*4*7 


J 
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0i»’t«le.Tl8»>  0.»sf-T  C-06SI  «*•  r«M)*eLl  *8T£6M  8»t»  -BIS* 

»i.r»u/-tT*L  > • .9*'.  B£»*L/etT*C  • I.ICt  N/L»*'C*0  • I *000 

p«l"«6C»  • 3cc.oci*pZ  pi  • .ci*  o/t*"C*o  • .ojoo 

0.  P£*S08£0  Cl.K«iNt  USThlew’lO^  |N  P*/»BtT 


•*0  |NP»Z 


12C..C 

ic*-.. 

•.CS.iC 

et.-c 

6*..c 

• 5.  - 
29.5: 
i’..c 

7.5: 

• f.t' 
•jj.f c 
•it., : 
-22. CO 
-26. *C 
-3C.CC 
•3*.t: 


i.n* 

l •■'2 


- c c * . c : 
*«< «.»: 
-2t7.  : 


J.70C 
3 • Joe. 
3.010 
2.9.C 
3.0,0 
3.20C 
3.6  C 
3. » ; 


••SiC 
*.1"C 
3. 72C 
3.2.-C 
2.72C 
2. IOC 
1.66C 
1-3»C 
1.620 
l.f.C 
2 • J„C 
2.620 
3.3.0 
3.70C 
«*10C 
*.*CC 
6.O0C 


3. 960 
3.62C 

3.00C 


3C.CC 
I9.CC 
15.50 
-IC.CC 
-2I.CC 
-•*. CO 
•6C.SC 
-73. CO 
-t2«9f 
-91.CC 
-57 .8e 
•1CJ.SC 
•ict.ee 
•112.CC 
-116. «C 

-i2c.ee 

•lc*.*C 
-l3C.ee 
-135.0C 
-102.ee 
-152. 2C 
•165.CC 
-196. SC 
-22t.CC 
•252. CO 
-266. 5C 
•275.CC 
-2tC.ee 
•286  *0C 
-2t7.*c 
-225.5' 
•291.5C 
•293.CC 
-296.CC 
•295. 2C 
-296.ee 
-296. tC 
-297.CC 
-297. 7C 
-25*. C- 
-29t.SC 


l*.9|»C 

3*7*1 

3.555 

3**31 

3«C33 

2-5* 

*•121 

1*976 

1.053 

•s  e» 

-.C76 

••595 

•1*093 

•l.*83 

-1*791 

-2*119 

-*•*90 
-2-32* 
-2*391 
•2  **7t 
-2.163 
•1*911 
- 1 *63C 
*1*323 
•*99C 
-•996 
* * l*C 
•2*6 
•973 


"E*S,S£0  C-8SGt  CISTSI2t,TIfK  I*  PICCBCl/vBlT.p 
<.Bi.P0l.lZeC  C*To 


1.361 

>2.1*1 

>2.715 

3.663 

3.6*7 


3.897 

3.175 

2.850 

2.2*7 

1.675 

t.CC* 
-.317 
.392 
1«C55 
1.712 
2.25* 
2.8C* 
3.250 
3.6*8 
3.917 
*.  1*9 
• •C9* 
3.958 
3.837 
3.583 
3.25* 
2.078 
2.138 
1.558 

.693 

.668 


Z/p 


CnpoO  06POZ  CK*t>£  CkIpoG 


Z/L*"C*0 
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1. T31 
1.3*3 

1.591 

1*'10 

?..•% 

2.19'. 

2.336 

2.321 

2.2*9 

2.193 

2. '  as 

1«*»13 


*!1‘.»I9.  t *'C  C-AtO-  *•>  ( 

• .;*i*  Bt»*u/eit*c  • i.cn 

«.w£KC*  • JwC.CC—J  *i  . ,cu 

*•  *-c*s„*io  Ci,K*|KT  ritTBiec'is* 

» »«s»'*L!2rC  C*T# 

lsr*2  Kr*0  l*»*l 

•5*CC 

29.ee 

-3.CC 
•27.2: 

•«7.«e 
-SI.6C 
•67. CC 
•73. CC 
•7i«CC 
•i2.CC 
•M*CC 
•ii.sc 
•91. CC 
•96. 9C 
•97. CC 
•ICC. SC 
-ICS.CC 
-1CJ.6C 
•11*. CC 
-129. SC 

•l«*.cc 

•172. CC 
•2C9.SC 
-227. ic 
•2*2. SC 
-2SC.SC 
•269. iC 
•26C.CC 
-263. CC 
-2*9. 9C 
•267. SC 
-269. 6C 
•271. SC 
•273 .SC 
-279. SC 
•277. 6C 
•2IC.IC 
•2i*.CC 
•2II.6C 
-296. CC 
•3l3.CC 
-39*. CC 

-*ci.oc 
•«23.6C 
•*33. CC 
-*3i.lC 
•**1.2C 
•6*3.CC 
-66S.CC 
-6*7. CC 
•667. 2C 
•6*1. 2C 
•6*9. CC 
-669. SC 
•69C.5C 
•691.0C 
-691.2C 
•691. SC 
-•61. IC 
-691. CC 
•6S1.CC 


is*..: 

67. s; 

3il*c 
32.  .C 
27.  CC 
23. CC 
2t.CC 
16. «C 


•2*. 5c 

•3J.CC 

•67. CC 


-137. 5C 
•1*5.90 
•l5C.BC 
•15S.CC 
•l5i.CC 
-J6C.5C 
-162. 5C 
-16*. 6C 
•166.50 
-168. 5C 
-17C.5C 
-172. 6C 
-175. BC 
-179. CC 
•183. *C 
-191. tC 
-2C8.CC 

•2*9.00 

•3l8.es 
•328.CC 
-333.10 
-336.20 
•338. CC 

•3*C.CC 
-3*2. CC 
-3*2. 2C 
•3*3. 2C 
•3**. CC 
•3**. 50 
-3*5, SC 
-3*6. CO 

•3*6.20 

-3*6.50 
•3*6. 8C 
-3*6.00 
-3*‘. CC 


i.6*C 
1.96C 
2.32C 
2.62C 
2.86C 
3.12C 
3.2CC 
3.J2C 
3.26C 
3. ICC 
3.0CC 
2.72C 
2.*6C 
2.  l*C 
1.72C 
l.*2C 
1-C6C 
•82C 
• 9CC 


2.52C 
2.7*C 
2-98C 
3.0»C 
3.12C 
3. IOC 
3.CCC 
2.80C 
2. 56C 
2«2*C 
1.84C 
i.SCC 
1 . 1*C 
• 72C 


l.8*C 
2. liC 
2.6SC 
2.6CC 
3.CJC 
3.20C 
3. 18C 
3 • C*C 
3.CCC 
2.B6C 
2.62C 
2. 2*C 
1.76C 
1.32C 
• 9*C 
•S6C 


*6*  a. IB  -01S7 

B/t*»Cac  • 1.900 
C/L»"C»c  • .1C00 
> B»/¥itt 


|6«I*L 

1072 
1*323 
1*296 
1*227 
l*10i 
l *C32 
•906 
•766 


••C6i 
•.*31 
•1.2C9 
•1.690 
•2.136 
•2. SC* 
•2.il7 
•3.090 
•3. lii 
•3.319 
•3.2*0 
• 3«CiC 
•2.979 
•2.67* 
•2.376 
•2. Cl* 
•1.96* 
•1.C9* 
••623 
••11* 


2.172 
2.  *92 
2.720 
2-971 
3.077 
3.120 
3.099 
2.99* 
2.717 
2.557 
2.2C0 
1.82* 
1 .*23 
1.029 
.927 
.090 
• .*33 

•III)? 

•i.eco 

•2.19* 
•2. *62 
•2.789 
•2.996 
•3.19* 
-3.178 
-3.CI0 
-3.CC0 
•2.8*0 
•2.620 
•2.2*0 
-1.7S9 
•1.319 

-.9*0 


*200 

•225 

•290 


• 9S0 

• 979 
1*000 
1-029 
1*050 
1*075 
1*100 
1*129 
1*190 
1*175 
1*200 
1*229 
1-250 
1*275 
1*300 
1*325 
1*350 
1*375 
l**00 
1**25 


-12C.CC 
-1*C.0C 
-152.3C 
•16C.6S 
• 166  *0C 
•17C.5C 
•17«.CC 
-178. *c 
-l8C.ee 
•182.C0 
•186.CC 
-l87.ee 
-I89.ee 
-192.CC 
-I95.ee 
-2tC.ee 
•PC7.CC 
-218.CC 
-239.ee 
-281.CC 
-315.ee 
*331. 5C 
-3*3. CC 


•372. S„ 
-J79.CC 

-3*7. ;; 


-531.ee 
•535.;: 
-538.;c 
•539. 5C 
-5*C.8C 
•5*2. CC 
-5*2.5; 
•5*3. cc 


•E*St«EC  CmaUGE  C 1STB IBtT 16*  U P ICC6Cl/vBl T-* 

s8b»*l  IZtC  CAT* 

i2  CnpaQ  CkP»2  CK*r*L 

2C  2C.66C 

1C  15.6CC 

2C  13.16C 

CC  12.16C 

•0  1 1 • 1 8C 

CO  9.96C 

5c  8.66C 

5c  7.5*c 

5C  6.2CC 

*C  5.C2C 

6S  3>8*C 

3.6*C 
3.80C 
•.70C 
6-OOC 
7.30C 
• • 3*C 
9.20C 
9.92C 
IC.6*C 
1C.7*C 
1C.82C 
1C.70C 
1C-32C 
9.72C 
8.7*C 
7.7CC 
*.*8C 
5.18C 
3.76C 


••C6C 
5.3.C 
6.72C 
7.90C 
8.92C 
9.72C 
1C.2*C 
1C.5*C 
1C • 7*c 
lC.*8c 
9.88c 
9.2*C 
• -18C 
7.16C 
9.96; 


»*0*C 

9.7*c 

7 • 3*C 

8 • 30C 
9.**c 

ll«l*C 

12.86; 

16.58c 


•2.2C 
•*. 1C 

•7.2c 
-1C.CC 
•l3.*C 
-17.CC 
•21. SC 
•26.5C 
•36.SC 
•«6.6C 
•65. 6C 
•93.CC 
-12C.0C 
•16C.ee 


•176.CC 
•l 78 .6C 
•18C.0C 
-I82.ee 
•186.CC 
-Ii7.ee 
-li5.ee 
*192 -CC 
-199.CC 
-2CC.CC 
•2C7.CC 
-21i.CC 
-239. OC 

-261.ee 

-315. OC 
•231.se 
-3*3. CC 
•3*5. CC 
•352. SC 
-355. SC 
-3S8.ee 
•36C.CC 
•381.CC 
•362. IC 


-372. 5C 
•379.ee 
•397.ee 
-*t3.CC 
-522.CC 
-531.CC 
•539.CC 
•538.CC 
•539. 5C 
-5*C.iC 
•5*2. CC 
•5*2. 9C 
•5*3. CC 


20*6*5 

15.361 

13.056 

11*975 

10.876 

9.529 

■ •097 
*.7*8 
5. J1C 
3.6*9 
1.986 
•.liC 
• 1.90C 
•9.400 
•9.312 


•1C. 113 
•10.47* 
•10.2*3 
•9.400 
•i.9*9 
•7.931 
•4.0i9 
•6.415 
-2.943 


7 .ilt 
• .Ml 


9.189 

i.119 

7.09C 

B.t49 


•2.24* 
•6.010 
•5.731 
•7.336 
•i.30C 
-9.439 
•11.133 
•12. 1*8 
• 1 • .56C 


-.791 

•1*101 

-1.4*9 

•2.112 

-2.591 

•2.912 

•3.17* 

•3.34* 

-3.512 

•3.4*7 

-3**97 

•3.*35 

•3.291 

-3.021 

-2-719 

•2*629 

-2*0li 

-1.518 

•1-037 

-.255 

•ooc 

.178 


1*993 
2.216 
2.352 
2.115 
2.229 
2.16C 
2.C14 
I-9J7 
1.541 
1-282 
1.031 
• 700 
.119 


*1*035 
-1.009 
-1.003 
• ••79 
..J55 
..715 
..415 
-.502 


1*075 

1*100 

1*125 


1.275 

1*100 

ion 

1*150 

1.373 

1**00 

1*625 

1*650 

1.673 
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ci&T«n*„t:9*  t*  *NC  c-»sci  ek  re^u*eLt  »*»{«>*»  e»c*  -ei*’  t*6’* 

. .c*i*  eiT»L/8ti»c  . 1.C11  . I.cce 


CIST«Iec’l9»  JB  *»/vOLT 


’•E*S««EC  CM*9Gf  CISTQ|ev.TleK  !*•  •’ICCOtu/vGLT.r 


i 


V 


jM 
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A 
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.-is*  : «VT  **•£  c-»*0i  9K  KOKnPetr  **  7j kka  e.t » -ii»t  c**** 

-i’*-  • .:3s:  BcT*t/efT*c  • l.cc*  h/i^-Cac  • i.coc 

• SCC-CC-E  “l  • -Cl*  O/LA^CAC  • .»»cc 

».  "EAStAEC  C*.S«E^T  CISTSleu’lS*'  1*  *,A/vIl» 
it.  -ft  N96P.L  !Z£C  C*TA 


:31.  " 
,;2.tC 

7«.‘C 
55. »C 
• 2. AC 
JS.wC 

ti.e; 

??.«•: 

i9.9: 

l'.SC 

is..; 

12.6C 

1C.5C 

l.»c 

aiec 
-2.2: 
-11. tC 
-26. CC 
•tc.tc 
•1C9.CC 
•l32.*C 


-167. CC 
-167..: 
•167.  .c 


-27. SC 
-.6. SC 
-SS.2C 
•67. CC 
-72. 2C 
-76  #2C 

-7S.*c 
-62.  SC 
-*«•  SC 


-K*.2C 
-113. CC 

-12*. CC 
•162. CC 
-211. CC 
-23«.ll. 
-2*6. CC 
-252. CC 
-256. CC 
-252. *C 
-26C.SC 
-262. CC 
-2*2. 2C 
-26*. CC 
-265. CC 
-266.  CC 

•266. s: 

-2*2. CC 
-262. CC 
-2*9. CC 
-249.CC 
-2t9.CC 
•2*2. SC 


1*172 

l*l*C 

1«CIC 


-•C46 

••1*3 

-•215 


-.*2* 

-•39C 

-«35* 

— 322 
-.27* 
-•223 
-17* 

— 1*5 
— C7* 


-c*st»«c  Chamoe  cisTtietTies  i*  Piccitt/vitT.' 

I2EC  CAT* 


-37. S; 
•57.  c: 
-88.*- 
-122.5; 

- 1 *5 . - 
-156.*: 
-163.*; 
-1*2..; 
-1*2.7. 
-17*. ,C 
-175.6; 

•l79*cc 

•18C.5C 

-121. SC 

• 1 9 3 • » ; 

— 1 8 * . ? ; 
-187. c; 
-129. c; 
-193. c; 

• 22 1 * 
-295. r; 

•336.CC 
•3*8.5- 
-353.;: 
-356.*; 
•358.2: 
-36t.CC 
• 36 1 . r c 
•3*2..; 
-3*2.5; 


I.12C 

7.12C 

6.22C 

5.2;C 


L 


I 
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L.I$»«[P„tl9N  Ct  c>.9at'  ’ A*.C  C-AtC(  9K  t>8K869k.f  AKT{f«KA  8»i»  "BlfcT  {*«»*■ 
*tr*c/8£T*w  • .0*38  bl  T *i/Bt T AC  • 1.C11  «./LA»>CA0  • *500 


**t*SU<>EC  C0S«EKT  CISTfilBLMSb  |A  7"A,v9lT 


nSsi-alUcC  Ca’A 


*•814 

3.62* 

2«7o2 


160. .C 

138. ri; 

• 3.8C 


1*.5; 
13.2C 
12. e; 
12.CC 
11.60 
ll.CC 
1C. 9; 
1C.8C 
ic.sc 
IC.ec 
11. 2C 


• 6*e 

.?oc 

1 • 02C 
1.S0C 

1 . 92C 

2. J*C 

2 • 7;c 
3-C2C 
3-2*C 
3.32C 
3.380 
3.28C 

3. ?CC 


S8.ee 
3C.CC 
-21.SC 
•57. *c 
-72.ee 
-78.7C 
•«3.CC 
-»».cc 
-8t.ee 
-• 9.5c 


-92. «e 
•93. c: 
*93. 8C 
-S8.ee 
-98 . 1C 
-98.50 
-98. 9c 

•93. «C 


-.297 

*.881 

•1.883 
•2.323 
•?.6«S 
•3.CI* 
-3.28C 
•3.320 
•3*378 
•3.277 
-3.198 
-3. CIS 
•2.753 


H£3S-»rc  c»*4Gf  ciSTt.iei.TUK  Ik  Piccoei/votT.A 

k5scaU2iC  CAT a 


-3.CC 
-*.3C 
-5.2C 
-7.CC 
-9.6C 
-lJ. i: 
-2C ,tC 
■*2. 1C 
-119. SC 

-l57.r; 

-186. SC 
-i7i.ee 
•178.CC 

-176.5- 


2 *660 

6*160 
7.72C 
8.71C 
1C.23C 
11.560 
13. *20 
15.160 


-.sc 

-1  »3C 
-2.1C 
•3.CC 
-8.JC 
•S.2C 
-7.CC 
-9.5C 
-13. 1C 
-2C.2C 
•*2.K 
-ll9.se 
-lS7.ee 
-166. 5C 
-i7i.ee 
-l78.ee 
-I75.se 
-l7t.se 
-177.50 
-I72.se 
-I78.se 


Ck8£*l 

2C.I59 
18.996 
12.971 
11.688 
10.77C 
9.122 
7.901 
6.909 
8.7S3 
I.C22 
1.172 
-.611 
•2.889 
•*.276 
-6.068 
•7.678 
•6.67J 
•1C. 181 
•11.589 
•13.819 
•15.155 


-.97. 

•1.069 

*1.106 

-1-112 


-.623 

-.508 

-.351 

••397 


USTSlb-T'9* 
»*r*i./o£TAL  . 


97  Ct««esl 
• C 351 


ANC  C-AAGi  9K  rJK9PBL£  AMfKKA  B.fC  -9IST  fA»TH 
B£TAL/e£TAC  • 1.CC8  t./LA*«CAC  • .500 


‘•H-elKC-'  • 3C0-0CH-2 


fEASOBEO  COSBtKT  C I STB  ItLT I9K  IA  9A/»9tr 
N9R9AUI2FC  C*Ta 


•90C 
1-0*C 
1.32C 
1.680 
1.980 
2.2oC 
2.880 
2.66C 
2.76C 
2.76C 
2.72C 
2*620 
2.88C 
2.28C 
l.9*C 
1.S6C 
1.16C 
• 70C 


-37.ee 
-5S.5C 
-6t.ee 
-72.ee 
-76.50 
•2C.CC 
-82.50 
-68.20 
•25. 6C 
-26.20 
-82.2C 
-29.80 
-9C.2C 
-9C.8C 
-92.ee 
•92. 6C 
-93.50 
-96. OC 


-0C6 

••027 

-•C58 

••053 


1.159 

-«C66 

-.626 

•1«C68 

•1.535 

-1.685 

*2.139 

-2.637 

•2.786 

•2.753 

•2.716 

•2.619 

•2.860 

-2.280 

•1.980 

-1.559 

-1-159 

-.699 


•1.161 
•1.20C 
•1.183 
•1.169 
-1 *107 
•1*021 
-.63C 
-.778 

• .67£ 

-.535 

*.527 


2/t  »*,0C 


205 


TABLE  3.3 


i 


»'>.  t**pE3**»CC  er  r*»«.eP9tE 
»*.T £V.»  P.E-*  2«ES-  -»T£6  |f'(«8k.*CC) 


6tMW/*lT»  • • l?*1*  fl»*L/9ET*.. 

8«tQuCNC»  • 3O0*CC''**2  BE  ■ 


i 1.1*3  */l»>*0i  • .CC17 

• C67  C/t*»*C»C  ■ .Dice 


*c«itT*KCf  iBitUB^esi 


!B»EC»NCl(8-''S) 


1*979 

MH 

»•»« 

MO 

»•»« 

i.tn 

l-OM 

1.81? 

1*611 

3*991 

1*771 

M50 

• •HC 

«*lt9 

• ■•M 


9>g':7 

SO*t 

5*966 

«.7*6 

5-«J 

*•109 

6*2** 

6.6*1 

6*823 

7*0'? 

7*1«2 

7.362 

7.9*1 

7.72J 

7.900 

«.{99 
8. *19 

8.798 

8*977 

9*197 

9*337 

9.916 

9*696 

9*879 

;;*099 


• 32 

2**2 
6.78 
1«**1 
20*93 
II  *»9 
6*76 
*.6) 

2*»2 

2*37 

2*17 

2*11 

2.3C 

2.63 


12*91 
1 1 * • * 
•*•30 
•l*«l 

• 7.1* 

• 9. *7 


1#*7* 
18*83 
29*96 
31*32 
33**9 
39*32 
• 6*72 
99*96 
69*92 
88*29 
113*79 
1*8*62 
2C9*8C 


1*38 

2*17 

2*87 

3*22 

3*C3 


•1*19 

•1*92 

•2*J» 

-1*88 

-l*7J 

-1*39 

*•19 

•99 


1*00 
• 99 
**C9 
• •99 
•1*C0 

•i*e* 

-1*17 

•1*12 

••81 

••68 


*L7*L/bET*  • •5,l>  • »*C9»  */L»»Ct  • «CCl6 

7«t;utN c»  • 3CC*C."-2  pi  • *C67  C/LPrO»C  • *C2CC 

»C”Jt7*‘.CC('  lLll’’*l*l  I^peCa^CI  ( 8**”S  I 
MTU.*  '•  8 9 * 


1 • 1 8 
2*1* 
i*2* 
9*90 
6*1* 
10*99 
19*86 
9*92 
•12*tC 


IM*i 

1*382 

l»**7 

1*618 

1*9*3 

2*1*8 

2*3l3 

2**79 

2*8  9 
2*97* 

3*3  9 
3**7C 
3.639 


1.29 
2 • *6 

l*1.?* 


-J*9C 

-2*99 

•1*88 

•1*29 


-3*90 

• 2*78 

• 2.38 
•1*82 
•1*2* 

••71 

••22 


3.6* 

• *6  3 
4.3* 


> *C3 


•2*C3 

•1*86 

•2*29 

•1*27 

•1*69 


-1*1 • *7 
•87*87 
-**.3« 
•6«Cl 
29*39 
6*. 87 
10C*97 
117*2? 
18*. 7i 

228* C9 
289*29 
3*c**3 
379*22 
277*92 
•1*.87 
•299*7. 
•271*2* 
-213*6* 
•198.6c 
•109*12 
-66*C9 
•31*93 
1.C9 
30*  *9 
99.4C 
87. C5 
1 1*  • 1? 
136*89 
161*6* 
171.6* 
196.2C 
109*99 
36*36 
•92*83 
•117.19 
•116.37 
•108.61 
•76*98 
•61*85 
•3*.9l 
•10*98 
19*6* 
36*3? 
99.1C 
62.CC 
89*21 
97*91 
10* • *6 
1C7.8? 
81*3. 
91*88 
61  *C8 
12*7. 
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*1  *C2  *89*83 

-•■2  76C**C 

-*C1  917*39 

•92  713*72 

1*15  *30*23 

1*78  279*12 


w 


w 


I 
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*lF*l/bEt»  • -C*C7  9iUi./-»Et*C  • 1.0*9  */w**-0L  • .ecu 

F»E00EnC*  • 30C.-C' “-i  P£  • 2*185  D/w*H0»C  • «C2CC 
»C*'lTr*-.CE  t“IU.Jr^8S)  I''P£C»KCEIB^,'SI 

• e * * 


*uF*L/bEt*  ■ 
f«eoj£*o» 


> 2 .86* 
.Li'^es) 


• .ecu 

C/L**-C»C  • .C5CC 
JPPtCaKCE  ( 6**Pf  l 


2*96 

1-93 

1*C3 


1*3* 

2-26 

3*22 


1.7C 

2**3 

3m* 


*•0* 

7*33 

a*92 

11*3? 

i*-5i 

18*59 

!»•!’ 

33-27 

*5-6* 


M-3C 
9*  • 3.’ 
*i-71 
»!-3* 
*••21 

• :-57 

• ;-59 
•2-93 
*8*9  3 
-S-24 
75-39 
95-7. 

l3*-5l 
219-59 
l*2-C9 
1C**  1 
78-61 
ce-89 

!92-«9 

92-5: 

• 1 ■•  3 
9-3' 

9;  -72 
7*-*» 
'9-1* 


99-«5 

121-31 

1«?M« 

215-8* 
310 "55 
•35-«5 
519-«2 
*7a-** 
3*5-05 
2»*-87 
19C-I3 


-28*. 79 
-209-C5 
-155-53 
-113-1* 
•75.2; 
•*C-7i 
-*-3l 
27.7. 
6*.*6 
108.57 
158*38 
2l9.3j 
3C1.J5 
*25-59 
59*. 2. 
352- C* 

-57J.75 

-532.15 

-377.22 

-278-63 

-238-C8 

-155-7 * 

-11C-52 

•70-98 

•36.5* 

-3.>l 

3C-C? 

66.9? 

tC*-lt 

*9.>7 

>33.2; 

-03.98 
,«2.5. 
•C3-62 
•315.25 
•32*. 99 
-278- •« 
•229.1* 
•»9-75 
137. Jc 
•99.  If 
•65-7C 

• -2] 


12*. 95 
161 -2* 
2CC-2* 
2:8.** 

*27. ;5 
•1*2" If 
•215.7$ 
•222.92 
-193-0* 


1- 932 

2- 093 

2-  7‘  * 


5-99 

7-81 

?c-*: 

9.39 
3-1* 
7-8  3 

5- 35 
1 *2‘ 

6- t5 
1-2* 


•35 

67* 

1C58 

-3C* 

-722 

-•59 

•325 

-2*8 

-193. 

-1C3 
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*v.r»L/BET»  • -CISC  a£T»i,/qtT*o  • l*c2 
P«E3UENr»  • 30C*C:’,-2  pt  • ***85 
»CP|T»»*CE«“lLI-lPpeSI 
eer*t*'*  s B 


2-733 

3*05* 

3*215 

3*897 

3*85* 

9*018 

»*l79 

»*3«0 

« .662 
*•9*3 

5*965 


7. *77 
8*038 
8 • 1 38 
8*359 
8*52; 
8**6'. 
».*•! 
9*0.2 


21*87 

-16*87 

-12*C* 

-8*:i 


17. »i 
5.67 
2.69 


»*.C 
8*79 
12*93 
1*  *23 
• 1 3 *cl 
-*•81. 


■•20 


8/l8n0l  • .CC19 
C/u»P0»C  • ■ 10CC 
IPPEC*KCE(86"«1 


-791.88 
•8*1. CJ 
-♦13.2? 
-30t  *2 J 
-233-C7 
-177.89 


*LP*L/ftE7*  < 

r»fjutHC7 


33*32 
5C  *2’ 
78*2. 
1 37 • C2 
273*31 
673*0* 
1779*08 
13*9*62 
956*57 
licit 
89*54 
5l*31 
33*95 
26*»1 
21*86 
21*1  3 

19*67 

?1*52 

?6*03 

33*99 
•6*1  . 


•CC* 32 
219*21 
111*65 
78*86 
57*2.; 
♦ 0*76 
19*03 
?9*9. 
?7  * 78 
?8*9l 

31-79 


•133. 1 


-8.89 
8*. 57 
102*27 
179. 17 
269.21 

390*5? 

593. 59 

865*38 

687.91 

•1076*9? 

-923.76 


99.23 

58*89 

*8.35 

1 3 1 *0« 

237.3 

5oC*C : 

1293*9: 

13*1*0* 

6.3*8 

279*67 

1*9*89 


3.8t 


*270*59 

-211*76 

-161*79 

-115-6* 

•30*57 

!•*  *C 

125* 7« 
205*18 
3l5* 1* 

7*7*9i 
603*  1* 

-859.0 l 
-672.51 
•5l6*«C 
•397.58 
-326.69 
-255.27 
-200*85 
-150*51 
•1C7.C8 

•2C.C8 

27.5c 

76.*5 

1*5.79 

219.13 

319.35 

616*19 


• ...16  • ✓.••'Cl  • .CC IS 

Pi  • 2.8 8*  0/L86C4C  • *2 SCO 

ccr  icU'-es)  i>-PEC»5CE<e-'’si 


•617.2# 
•59. .5. 
•390.6? 
•2 78.59 
-220.21 
-17C.6e 
- 1 88 • # 7 
•87.27 


•5.  J3 

- (.91 
•<•)] 
-.•23 


10*98 

•5*19 

-6*?J 

-«*l9 

-9 . 6? 

•1  *58 
••73 
-*.5 

.■9 

*97 
; **9 
1*90 
£•♦7 
2*99 
3*97 


lv*59 

7.97 

-5*31 


1 **5 
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93-59 

195*77 

2 *9 • 6 

3»e*l ' 
569*5* 
793  *8“ 
6>e*96 
5 8*2° 

312*16 

?:1* 9: 
13  ;•? 
*8*69 

69*99 

59*85 

♦ C*7. 
55*57 
J7*6* 
9**95 
«•*•» 


3 9*07 
9ee*7  3 
698*6’ 

6 1 2 *C  3 

95«*1 > 

3.8*9’ 

237*6? 

161*11 

173*15 


?. 1*67 
320*26 
965*9: 

6?:  *s 

5#5*9? 
97. *3* 
399*62 
252*5  J 
16**i3 


•2*6  1 


195*56 

**9 • 8t 
-368*17 

*•69*36 

*•50*23 

•*•• • 99 
-282*79 
-290*15 
-189*9* 
-151*68 
-1C8*«C 

•?t*Cl 
18* 0* 
68  ■ 6 1 
1?3*68 
18i*7s 
228.77 
2C3*C* 
21*0# 
-211*11 
-368* 7r 
-•01*78 
•376*29 
•3??*3l 
•287*36 
•252 *?• 

•216*95 
-179. ;j 
-193*25 
-135* C* 
-65*05 
*22  *C 1 
23*:: 
76*20 
i?6*9c 


I85*i 


11*57 
-199*11 
•3?1 • It 
•356*9? 
-393*37 
-3 1 3 * 9* 
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»C'»L/etT* 


» C--  l-p£, 

»•'  Tf  *■  » -.l-  *’J IS T t 

• :9s.  t’A./n’*- 


5T.  J t-£  ASwBE  - I 
. 1*1C6  A/wA'-CL  • .CCl» 
•rj*  5/ua-C‘w  • *C2CC 
i-^esi  i'’PfCANC£(e-''s) 


1*C»2 
1*21* 
1*  3". 
1*V« 


Mi 

3*77 

5*38 


1*.71 
16*1? 
cC  *21 


2*7e^ 

2*9*3 

M?' 


SOW* 
6e7*91 
6*C  *3* 


5*;3» 

5*212 

5-Ii 

5*5^5 


-1*C8 

-•37 

••C2 


c!«*7 
2*  «7 


•Ml 

6 • 5 1 3 


•1*55 

-i*ic 

-*»9 

-•*9 


2?6*.7 
260*6* 
£75*83 
3-.: -9 


337*88 

332*2. 

2*6*36 


*i-8AL/er’»  • • e 2 

8»e:-£.n:*  • 3"-*- 


-t’»./-E,A.  • 1*  31  A/t»**C». 


C/„*-D*C  . *C«'.C 
j*’PfC*KC£/e^*'si 


-2«C*22 
• 163. ;• 
-130*36 


-12*79 
29  • 6? 
76*73 


126** 


-2*92  is:u* 


295*5? 

6?6 • I A 

7 • 9 • • < 
9*8*C 


186.72 

253.6? 
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12.0*C 
11.62C 
U.SJC 
11.963 


11. < 


stni 

-2.CC 
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«.  f£*SOS£C  CC8BJ8T  CISTBIbcTIB*  IS  »•*/»  8LT 


i*Gf  < 
,.1C9 


bl  • lao.ocoMks 


N0Bk*L I ZE  C CA’* 


AZ 

13C.CC 
11*. 2C 
10*. 1C 
*».CC 

t8.6c 

•8.2C 
28. A; 
• •3: 

•ic.ee 

•3C.9C 

•51.CC 

•88. *C 


u*.*o 

5**»c 

9.J2C 

S.22C 

»-0"C 

9«18C 

9-18C 

9-18C 

*.*•: 

*«80C 


|SF*2 

• »CC 

•2.8C 

•ll.se 

•J5.ee 

•95. 5C 
•75.0C 
•98. 2C 
•111.7C 

•18».»C 

•173.CC 


5.*q7 
5.31* 
5 .g47 


•••4* 

•1*908 

•*•818 

*••004 

•8.307 

•*.|09 


••£»*k8lD  C»**9r  CI*T«l8wTI8A  Is  * ICC0cc/y*t T' 


sSi'AlUtC  CaTa 
IkA#  CsTAl 

'Me  •»•»€ 

•»c  •»{•?: 

1 8*C  -iMc 

IK  *18. IC 


CS*|H 


•1  II.IC 
•1*1. 9C 
•1*3. 5C 

•ill. a: 


CM***# 

••151 

-3*737 

•If. 18* 
• l5«7*c 
• j 7 ■ 7*3 
•18*273 
-13.981 
•1C  .255 


h 
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tlSTRIbv.TUN  9^  Cc^E  T AkC  C"A»0t  5*  et.i*»QS  AKT£KKA  b v£R  Salt  -ATE* 


»Lr Al/OETAl  . 


fl€TAL/etTAC  • l.C*7 


PE  • 3.8«5  C/lAPCaC  • .0?C 

"EAStHEC  CoSRlKT  CISTK|BI’I8K  IK  PA/v  8LT 


■ 2»*.CC8"PS 


.86p»lWEC  CAT* 
InPAG  IKFAZ 


•9C.*C 


11C.3C 


».c«c 


-1*9. 3C 
-168.CC 
- l86.«c 
•?c*.»: 
-323.30 
-3*3. 1C 
-361.3c 
-381.80 
-3Ci.ee 


•32C . TO 


•3*C.CC 


-358. < 


3.96C 
3.920 
3.90C 
3.92C 
3.8JC 
3.660 
3.50C 
3. .60 
3 . **C 
3. *60 
3.**C 
3.460 
3.3*0 
3.33C 
3. 330 
3 • 18C 
3*  13C 


1C.CC 
- • !C 
-1C.9C 
.39. 9C 
-*9.6C 
-69.10 
-88. *C 
-107. 3C 
-135.70 
-1**.7C 
-163.8c 
-183.CC 
-301.50 
•33C.8C 
-3*0.30 
•359. 7C 
•379.30 
-398.CC 
-316. 30 
-33*. 7C 
-353. 3C 
-373. 1C 
-391. 3C 
— * 11.8C 
•*3i.ac 
-*50.7C 
•»7C  »CC 
-488.50 
-5C*«*C 
-535.30 
-5»».6c 
-559. 6C 


•137 


-1.1*5 
•3*61* 
•3* *3* 
■*•137 
-*•337 
•3.853 
-1.0*9 
•3«C12 
••7C8 


•633 


3*83* 

3»*09 

3*97* 

3*137 


1-0*7 


-•0*3 
* 1 • 11C 
•3*079 
•3*7*5 
-3.1J3 
•3 • 1 7C 
-3*919 


PE*Si.*EC  C«A»3t  CISTBieoTIBK  Ik  PICCeOt/.floT.'' 


.OF  U 
3.0C 


\fl«P»Ll2fC  CAT* 
.r.O  0*7  AZ 


• K*C  AO 


5. 15* 
5.*i3 
5.3*9 
5.153 


-380. 6C 

-3oc.ee 


-331. 
-33*.  »■: 
-358.5c 


5.  ;«6 
•■9C0 


-33.40 
•53. 1C 
-71. 1C 
-90. 1C 
•109. *C 
•138.3C 
-l«7.*c 
•166. «C 
-185. 3C 
-3C*.C0 
-333. *C 
-3*3.10 
-363.5C 
-380. 80 
-3CC.CC 
-331.CC 
-338. 6C 
-358.50 
-377.ee 
-395. *C 


33.927 
18.83* 
16.989 
1».136 
1C  .Cl  3 
5.1*9 


“ .0*3 


*-CC 


-*33 • CC 
-*53.CC 
-*7C.9C 
-*9C • 3C 
-5lC.*C 
•530.80 
•5*9. 6c 


-5.0*9 
•9. *95 
•11.13* 
•1*.77* 
■ 1 * . 759 
-13.319 
•1C. 5*1 
•6.533 
•1.83* 
3.5*5 
6.61C 
1C. 3*7 
13.066 
12.716 
11.935 
1C.05C 
7.365 
1.538 


• 95c 


1-OOC 


*.*ic 


•56*. 3; 


•*•053 
•7.37c 
-9.773 
•11.113 
•11  .*38 
•I*.l5* 


1*050 
1-130 
1-150 
1*300 
1.35C 
l*  30C 
1-350 
l«*00 
l"*5o 


1 
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t!STSlbwT!8N  !>f  anC  C»ASQi  8»>  BEvEB*GE  *NT£ANA  8.E  « Sal’  **’EB 


"E»Sc«£C  Cv-RRE^t  CISTRI*i.TieB  In  ••*/»  8lt 


"c*si-»eo  c-argc  cjsrsfetriaA  j*  R;ccecL/v8i.T.N 


L!S»«ie-TI8N  eB  ClRb£VT  anC  C"*«GE  8N  e£VEBAGE  *NT£KNA  8v£R  SALT  »AT£R 


•*E»SUR£C  Ck.sR£KT  CISTRleLTl8B  Ik  **/v  8LT 
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CIS»MBt.T!B»  Ct^C*  T *kC  C»*s6,  8*  B€«I**GC  AMfBBA  8»f*  J»LT  •**£" 


,,1»S0BIC  CCBBfNT  Cl*’»lec’I8B  IB  »■*/*  ALT 


-E*s-B£C  Cmasse  gistbibltibk  u piccbcl/vblt-* 


r 
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TABLE  3.4  (CONTINUED) 


02  cts«£ST  * nc  on  et>>*4Gt  4»fj*N4  «.e*  -4 »t* 


0 ,‘*n 

9.  ,,i 

9.  5» 


Ht*suMto  d.e«iN’  ctSTKJei-TUN  i»  *•*/»  et» 

\0Kf'4L|{(C  c*t» 

l-»--G  Jn7  4/  lN*f*c 

>•0*7 


*2.»0 

6J.7C 

**•10 

?5.*C 

5.*C 

-33. ?C 
•51. U 
-6i.*C 
-S6.*C 
-1C3.3C 

* 1 3*. 7 0 
-l79.*c 
-;9*.7c 
-01*. 3C 
•j3’.:c 


3*9*0 
3*>CC 
3.7*0 
3-700 
3-700 
3-  700 
3-OOC 
*-»«C 
3-i*: 
3-»«C 
3-7*0 

2-  720 
3.600 

3- 5*0 
3- *00 
3. *60 
3-*#C 
3-**C 
3.6*0 


•7 2 lie 
•9!.»C 
Ml2- *C 
•132.CC 

• lt». 1C 
•l»t.*C 
•20* • *C 
•221.3c 
-035.3C 
•257.  «c 

•*97 .*c 

-336.3C 

•35S.CC 

-362.0C 


»*c9c 

1-07* 

3-2*0 

2*27* 

1-111 

•1-390 

•2-529 

•l-JIC 

•3*771 

•3-036 
•3- *97 
•2.0*0 
•I -099 
••7*1 
•«03 

1- 575 

2- 510 

3- 117 


> 1*000 

It  • 225.005*-*’* 


• 33* 


•l*2t* 
•2.300 
•1.1*7 
•3.613 
•3.69* 
-3. *26 
•2.0C* 
-1  -031 

.*30 
1*506 
2.  *95 
3.199 
3.519 
3.527 
3.013 
2.373 
1.399 
.317 


-E*S^iO  CuAHOt  OISTMBtTION  lk  7 1 CCSOt/VOL  7. 
s6B«*tt2CC  C*1* 

r*2  CNpaC  CK2A2  Cn«|»l 


•3.CC 

•1C. 7c 

•2e.*o 


•2C.90 

-•C.2C 

•tc.cc 

-7#.*; 

•9».CC 

•ii3-«e 

•13C.7. 
•i*9. ce 

•It  7 .5f 

•176.0C 

•ict.ic 
•2£t.«- 
-2*5. «f 
•2*3.1 
•2«1  -0' 
•290.0; 
•315.5c 
•333.7c 
•351.0. 

•i*f. e. 


21.271 
1 5 • *06 
13.320 
1C  .250 

*.**: 

•1. *26 
-5.32* 

•0.01* 

•1 2.2*2 
•12.273 
• 1C  >026 
•0.J57 
•5  126 
•1.339 

s!**? 

1C.  003 
19.151 


-••957 
-0.6*2 
•11.535 
•13.361 
•13.565 
•1?.«27 
•1C.25C 
-6.695 
•2.710 
1 .**3 
5.  *93 
0.006 
11.2*7 
12.327 
12.231 


5.379 
1.3*0 
-2. *00 


• 390 

• 35C 

• *00 


*..»»-/  C»*t  • 
• 3 ,.  .--2 


i-C  C>4*G>  •«  9€.i*45« 

*»’»w/»C»»t  • l.Cl 


a.f»  **t»  -4*t“ 

tl4l»*C*'-  • .500 


c/t»--e*c  • . c*c 

• • :»»»:7k-l*k  I*  ►*/»  9^’ 


•5*”»- 1 2i t :»»i 
lM**G  1*7*2 


• 225 .0G6***-5 


0.72C 

2.72C 

3-9.: 

3.92: 


1-192 

••159 

•1-3*9 

•3-*3* 

•*•90* 


•l.*** 
•2.3** 
-1.75* 
•3.713 
•1.797 
•3*  30* 
-2.777 
•1.701 
••*91 
•3C1 


• 300 

• 3-0 


•£»9.«fS  C*MM  .19»6I9t’l5N  ; 

-MfOklKC  C»»* 


.•7*2 

•3.5C 

•1C. 7c 

•*c.»c 

•*C.2C 

•tc.c: 

•71. »c 
•9*.o: 
•113.2: 

•lie. 70 

•U?:*c 

•1**.»C 


i*.i:c 

13. it: 

13.3*C 

i3.7*: 

ii.itc 

13.1*0 

13. t*C 

1I.I3C 

13.92; 

15.9*0 


•1C. 70 

•*c.«c 

•*c.»e 

•tc.cc 

• 7».*0 
•9«.ec 
•ill.*: 
•lie. 7 


■icc#tw/»eL7.' 


6N*f  *C 

II. Ill 

l5.*t* 

13.21* 

10.1*3 

*.9»C 

2.7*1 

•1.17* 

-•.!•* 

•O.ttC 

• 1C. 972 

•19.0*1 


•*.915 

•0.572 

•11.293 

•11.659 

•13-0*0 

•12.09* 

•10*0*6 

•*.5*2 

•».*2* 

1.792 
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TABLE  3.4  (CONTINUED) 


(.ISTi.lBl.T19h  Ct««EhT  ASC  C-*BGf  fl6  8E»E**Gl  A6TtKKA  Bv£6  S»L»  -*’£« 

• .Cl*;  BETAt/eETAC  • I .CO  U/l*»’C*C  • 1*000 

' • J;;.0O"**2  “E  • 2. ad!  C/CA**CaC  • .ICO  Bt  • 31C. 

*•  **easwred  c;s»ekt  ciSTnietTie^  Ik  >■*/»  8lt 


1C.  i; 
-T.9C 
•Z5.5C 
•*2.*C 
•42. 5C 

•ai.«c 

•ICC.*C 

•ll»*Sc 
•137.7; 
-155. Sc 
•172. »C 
-19C.CC 
-2C».*; 


.8b*alI2EC  CaTa 


1n**a0 

J.52C 

J.29C 

I. 22C 
3-12C 

J. 12C 
3.12C 
3-iac 
3.20C 
3*2«C 
3.16C 
3-OBC 
3.02C 
3-03C 
**C7C 
3.C6C 
3.12C 
3. 16C 
3.0»C 
3.c«C 
2.92C 
2.93C 
2*8;C 


12.  JC 

-33.  ?C 
•S3.9C 
•73. 2C 
-91. 9C 
-IC9.9C 
•127. 9C 

• u2.ac 

-1B2.5C 
•2C1.AC 
-22C.6C 
-239.SC 
-257.7C 
-275. 5C 
-292. 7C 
•31C.CC 
-329. «C 
•3*8. 2C 
•36*. 5C 


!N»f At 

3. *39 
3-29C 
3.1*7 
2.59* 
1*939 
•9C2 
*•  1C5 
•l*C99 
-1-99C 
•2«9CA 
•2*9*2 
•*•017 
-2"79* 
-2.295 
•1*553 

•3C3 
1*173 
l "*5* 
*••97 
2*939 
2.791 


••E»SuBtD  C-ABQF  CISTSietTIBK  «K  BICCBCL/veiT.T 


•37. 1C 

-92^*0 
•112. ;s 
•131. cc 
-1*9. 9C 
*167.7; 
-195. 5C 
-203.5C 
•221. 3C 
•239.30 
-258. 3C 
-277.10 

-316.5c 
-335.5; 
-355. r: 

-369.*; 


sSB^AkllEC  CATA 
CkpaG  CkTA  2 


:.**c 

1C«6*C 

1C.60C 

ic.*:c 

1C.30C 

it.*;c 

1C.3CC 
1C. ICC 

9.8:: 

9.6:c 

9.6uC 

ic.occ 

1C.2CC 

11.53C 

i*.*cc 


•13l.CC 
•i*9. ac 
-167.7C 
-125. 5C 
-2C3.SC 
•221. JC 
•239. 3C 
-252. 3C 
-277. 1C 
-296.*: 
-316. SC 
•335.  SC 
-355.CC 
•3*9.5' 


Ch«EAL 

19.92* 
l«.61C 
12.239 
9.332 
6.372 
*«C*9 
-.513 
•3.911 
•4.99C 
•9.161 
•1C.141 
•1C. 253 
•9.537 
•7.739 
•5.156 
•1.987 
1.187 
• •268 
7.25* 
9.292 
11.  *56 
1*  *2*2 


CISTSlBuTIBh  1*2  ANC  C-A60E  96  BE  •(  K ACC  AKTfkkA  9»CB  SALT  .AT£« 

*l2ac/,)ETAi.  • >Cl9C  bC T At/eE T ac  • 1.C23  Cl/l»rCAC  • .5QC 


• EASUBEC  CCBREKT  CISTBIBI.TIS6  Ik  **A/v  BLT 


S9B6ALI2EC  CATa 
1n2AG  IkfAJ 


lk»CAL 

3«*7C 
3. ?5* 
3* 1*7 
*•549 
1 *91C 
•999 
••155 
-1-C82 
•1*919 
•2**93 
•*•991 
-2>97* 


•■EASwBEC  C»ABGf  CISTsieeTIBK  Ik  P!CC9Cl/v8it.* 
n9s”al12cC  CaTa 

t"rA2  Cn-aG  ckc a2  C6«eal 


-T3.*: 

-93.2rl 


2C  .*22 
1*.4C4 
l2.*c5 
9.321 
4.279 
2.999 


•6.984 

•9.315 

•11.74C 
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TABLE  3.4  (CONTINUED) 


BisTfciewTia»  it  c**Bi*-' 
*wr»t/btT»u  . .C3*C 


c-*»Gk  9*  91.1**01  **Tk 

bc**i./etT*c  ■ i.ci* 

n • 2. MS  C/LJ^CaC  • .tBO 

"c»scaic  ctH(kT  cisiMitTie^  io  »■*/»  et» 

CAT* 


I *AlT  . 

't  . 


51.:; 
32.7; 
i9.*; 
•2.*C 
• 2C.CC 
•3*. 6c 
•56. SO 
■».3C 
-S6.CC 
-11*. »C 

-14C.»C 
•166. 6C 
•1*3. 2C 
-2C1-*C 
-221. »C 
•2*C.*C 


1 *.2*6 

>.«*C 

».**C 

t.MC 

2.66C 

2.62C 

*"60C 

2.62C 

2.62C 

!:« 

i:::s 

2.36C 

2.3*C 

2.*»c 

2.S.C 

2.*cc 

2.52C 

*.*2C 

2.26C 

2 • 12C 
2.02C 


16*6/ 

JJ.2C 
l.JC 
•11. cc 
•3*.<: 
•50. JC 

•To.cC 

•»*• JC 

•i:*.6c 
•1*7. oc 

-|o8.CC 
-1*3. 6r 
•1*3. Sc 
•2C3.3C 
-223 
•*•1 
•293 
•275-.. 
-291.6C 
•3c*. *C 
•32*. *C 
•306.7C 
-369.7C 


i!:SE 


3.19* 
*•99* 
*.*C» 
*.*3* 
l *923 
•7»7 

•1  *991 
•*»C*1 
•*•301 
•2  **76 
•*«l** 
•1 *701 
• 1 • 1 76 
-•*•9 
•2*3 
•921 
l.*97 
i.*a* 
2*063 
2*010 


..So* 

• I .0*1 
•2.12* 
•2. *99 
•2.61* 
•2.o6« 
•2.C*1 

• 1.097 
•.6*9 

.933 
1.623 
*.!*• 
2.o93 
2.6*7 
2.3*3 
1 «*C* 
1.291 
.*•• 
-.201 


Ml 

:Ug 


•I**c6tO  ChAMOf  c 1ST* ICcT la*  1*  *lCC*CL/y*LT.o 


•.OBAALIZtC  CA Ta 


7.?as 

o.*30 

5.6*0 


Cm-a6 

17.90C 
12.76C 
1 1 »2*C 
9 • 9tC 
9.1*C 
■ •92C 

*.o*c 


7 . 36C 
7.16C 


4*  ICC 
J1-72C 


06*f At 

17.230 
12.339 
1C. 399 
7.72J 
9.0*7 
2.339 
-.073 
•3.132 
•9.52* 
•7.1*7 
•7.9c* 
•••Cl« 
•7.oi* 

•9.**S 


9.*C3 

7.37* 

9.0*7 

11.033 


•3*039 

•3.339 

•0.371 

-6.321 

•7.695 

■A.*C» 

-|.**7 

•7.*0C 

-6.222 

•*.C6C 

-1.652 

.*96 

3.1*9 

5.0*7 

*•*26 


2.773 

•222 

•2.977 


‘ or  C«-6*CN7  as;  c-»SGf  «»  B(«(*ACC  *KTt**«*  9vC«  SALT  . 
1 *c,*c  B(Tal/B(7*c  • 1.C16  Ll/iofCAC  < 

•E  • 2.169  C/i«.:iC  6 .2SC  « 

A.  "EASl-atC  CC6*{NT  CISTKIetTlab  16  26/V  0L  T 


sa«»A 


. I ZC C CaTa 
1*7  *2 


'E»Sc*cC  CNA-Or  C I$tc iblT 


*•9*9 

• •*69 

*.*5c 

• •ICC 
1>03* 

•6*0 

•M3* 

•«*5c 
•!•**• 
• 1 •635 
•••Cl* 
•1*993 


•2.21* 
-2.5*2 
•2. *77 


. 67 
•!*• 
.201 


•2.*36 
-3. 0*7 
•••Cl* 


:!«? 


•is*.*: 


•*•9*9 
• •69* 
1 .99fc 


-232- 


TABLF.  3.4  (CONTINUED) 


US*~!fc.tl9‘ 
»Lf*L/nET*k.  ' 
■ • J ..o-lf-Z 


Of  Cw««£*T  8sC  9*  9tU**GC  9*f“  -9IS*  !»«■»►• 

.C9«C  BlT*l/BE7»C  • 1.1C6  Ll/l*l*C*0  • 1.80C 

P£  • ,C12  C/LA'CtC  • .CPC  •*  • *1 

«.  «t*SGME0  CWBUlNt  CiSTRIitT 19*  1*  "»/»  9l  T 
s98»«Ll2rC  C»T» 


3.069 

3.^0* 

3.5*1 


10C.CC 

99.10 

98.CC 


J-CC 
•l7.CC 
-36. to 


•9J.CC 

-111.5C 

-UC.5C 

-151.C0 

-172.2c 

-191..C 

•2o9.CC 

•8JC.CC 

•**».co 
-:*«•; o 
-<97.*c 
-JCJ.CC 
-??6.rg 
•3*7. OC 
-367. Cc 
-399. CO 
•*e*.cc 

-•89.  -.0 
-••7.CC 


».1«C 
*•090 
J.*2C 
J.72C 
3.56C 
3.  J*C 
3.32C 
3.32C 
3.UC 

J-02C 
2.9*C 
2.6*C 
2.72C 
2.**C 
2.90C 
2.  J6C 

1. J*C 

2. JCC 
2.22  C 
2-22C 
2.J*C 
2.12C 
2.  IOC 
1.96C 
1 • JOC 
l.7*C 
1.66C 
l.*«C 


11. cc 

•19.CC 
09. CC 
•87  .JC 
•77. CC 
-97. CC 
•117. CC 
•13*. CC 
•18*. 9f 
-173. CC 
-193. CC 
-211.8C 
•23c.ec 
-I81.CC 
•272. »c 
-291.JC 
•3C9.CC 
- JJC.CC 
-3*8. CC 
-3*2. CC 
•3*7. 8C 
•*C7.CC 
•*2t.CC 
-**7»CC 
•**7.CC 
-69I.CC 
•8C9.CC 
•929. CC 
•9*7. CC 
•9*8. 9C 
-979. r : 


•1  .*99 
•2.961 
-J-C22 
-J.999 


•UC 
1*C10 
l*#7* 
Ml! 
2 * 1)6 
2*117 

I • 

•ICJ 
•112 
• *62C 
•1 *993 
•1*662 
•1*899 
•1*727 
•1**99 
•1.279 


KE*so»fC  Ch*bo»  cistsiecTie*.  I*  Picced/veiT.*- 


sesr.LIZiC  C»T« 


•35*. CC 
-373.CC 
•392.9c 


CK*fM. 

2*. 929 
19.C91 
19.199 
11.969 
7.117 
8.C«1 
•2.932 
•7. 397 
•IC.933 
•18.919 

•12.692 
•11.927 
•9.«66 
•6. *89 
•2.916 
1.261 
*•*♦* 


3.975 

1.191 

3.118 
2. *71 

" • 7*7 
1.61C 
2.13C 
2*790 
2.95* 
2.925 
2.C67 
1.290 


1.C62 

1.62* 

2.1  J7 

.*55 
1 .C  3* 
-.395 


•2.172 
-5.187 
•6.6*7 
•11.69* 
•1J.699 
•16.517 
•13.7*2 
•11*922 
•9.773 
-*.6lJ 
..*63 
1.7*5 
7.01* 
9.2*7 
1C091 
9.981 
8.817 
7.121 
• •19C 
• *8J 
•2*0*3 
•6.61C 
•*•615 
•7 .6*0 
-7. 7J5 
-7.0*7 

:V.!K 

-.965 

|.*0» 

1*522 

5.171 


•*0C 

•*90 

1-0C3 
1*050 
1*100 
1*150 
1*200 
1 *250 
1'JOC 
1050 
1**00 
1 .*80 
1 • *•* 


1*195 
1*200 
1.25o 
IO00 
1050 
l«*5C 
1**50 
1 .*87 


¥ 
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t-'ST«tBvTI8»  9*  A-C  *k  •(«(■*•(  »‘T|kk*  • «(•  >)!•<  |*»T» 

• .C»«C  |{Dl/|(D(  • |,|(|  U/L**C»C  • J.OOC 

• ica.oof^i  *i  • .on  c/wapCac  • .oto  «t  • «i 

»•  "!*IW*(0  CbMINf  et«T«li(,T||K  it,  M/v  hT 

l'»*  U*T»  sli-.cljic  CaTa 

*a  »"r**  In*1*#  UM*  Ik«fi»L  ikirtg 


►’e*si-«iec  cw*ro(  cjsTajettieK  ik 


' Bf  CtBHE' T ANC  C-A*o£  8k  01 VI R*G£  BkTfkKA  SvfO 

• BtT*L/eETAC  • 1.1C6  tl/ 

°E  • .C12  C/lA**CaC  ■ ,0>c 

*•  “E»SOAEC  CI.SBENT  C!SlBlecTIek  Ik  PA/*  8l 


T(kkA  SvEB  -eiST  CABTN 


"E^Sv-OfC  C*-A*Gf  CISTCietTlPk  I 
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TABLE  3.4  (CONTINUED) 


US’lOBuTlO*  'it  Cv.8fit‘T  *nC  C"*S0l  6N  Bivt8*Cf  *47*666  a. ft  -BIS’  I*8’** 
*lF*L/#E»Aw  • *C62;  8lT»L/etT»C  • 1 .C  32  kl/lA'C*:  • 1*S0C 

r«Et-t'C'  • 3WCOf*-Z  “t  • .Ul  C/l »"C»C  • .09C  “t  • 2* 

*.  -c*sostc  cc«um  :iST8ietTie^  n>  *»/»  blt 


k8s*,»l  Ilf  C C»T4 
i*.'*3  D>r«i 

3.42c  ic.ce 

3.7*c  -2*CC 

1*72C  rll.ic 

J-56C  *31. 4c 

J-96C  -9C-2C 

3.4*0  *6J*CC 

3.J2C  -44. CC 

3*260  -1C3.CC 

3*20C  -129. «C 

3.12C  -1*1. CC 

3* liC  -143.CC 

3-14C  -I4l.ee 

3.04C  -199.CC 

3.00C  -ilt.CC 

2.9-C  -234.ee 

2.6*C  -294.ee 

2.74C  -273. 4C 

2.74C  -29C .9C 

2.74C  -3c9.CC 

2.44C  -324. 2C 

2.4*C  -3*4. 2C 

2.4*C  -3*3. 9C 

2.40C  -J42.ee 

2.94C  -4CC.4C 

2.««C  -*14.4C 

2.*4C  -«37.*c 

2.44C  -499.40 

2.J4C  -473. 4C 

2.32C  -492. 4C 

2.2*C  -911. 4C 

2. 1*C  -93C.9C 

2.12C  -949. 4C 


IK«|»C 

3*7*2 
1*794 
1.441 
l.Ot* 
2*  J79 
1*133 
*114 
-•991 
*1 *472 

•2*429 

-2*|44 

-3.14C 

*2*491 

-2*144 

*1*444 

••447 

•179 

-974 

1*717 

2*241 

2*944 

2*439 

2**11 

1*991 

1*249 

•911 

-*21l 

•*949 

•1.974 

*1*970 

-3*111 

•2*109 


1*1CC 
1*190 
1 *2C0 
1*290 
1*300 
1*190 
1*400 
i**9C 

1*444 


*>E»S_9EC  CmaPQF  CISTRIBLTI4K  Ic  P I CC90L/V4l  T-* 
'»9R*'*C  I2EC  C*T* 

*2  Csh4S  C6**Z  CkBcal 

l.cc  2C.92C  -9.ee  2C.442 

-cO  19.44C  -il.ee  19.J72 

’•20  13.74C  -2C.2C  12.912 

'•CC  12.40C  -39.ee  9.792 

1*20  12.14C  -M.2C  4.4C4 

'•*C  11.94C  -74. 1C  2.734 

i.:c  11.7CC  -99.ee  -1.C2C 

'•CC  11. 3*C  -113.ee  -4.431 

• CO  1 1 *3*C  -J31.ee  -7 .440 

• CC  1 1 .040  -144.ee  -4.944 

’•CC  1C.40C  -147.ee  -1C. 923 

" '•  44C  -149. 9C  -10.192 

34C  -2c3.ee  -9.934 

P6C  -222. 9C  -7.964 

90C  -24l.ee  -4.40C 

72C  -26C.ee  -1.644 

72C  -272.ee  1.393 

46C  -296. cr  4,147 

36C  -31*. 9C  4,941 

16C  *333. 2C  4.19* 

JOC  -391.40  4.419 

I2C  -369. *r  4.702 


-203.ee 

-222.90 

-2*1.CC 


•4 . 794 
-7.929 
•10.335 
•11 *663 
-11*495 
-ie**39 
•4.594 

•6.513 

•2.*29 

1*001 

4*046 

6*932 

4*699 

9.972 

9*625 

4*503 

6*676 

4*139 


*250 

*100 

*150 


1*000 
1*050 
1-1C5 
1*150 
1 *20C 
1.25C 
1 • 30C 
1 • J5C 
1*400 
l*45o 
1*467 


J 
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-:s*t.;b»t m c.'T’  *vC  c-aso*  e*  eci‘*0(  e.(»  ►list  c»fcT* 

• *o*fc  bt 7 *l/B£T»c  • t.c22  u/lapc*:  • i*ooo 


•*£»SCBie  CtBBiKT  CIITBIatUe*  i*.  • 
s8B»>ikl2rC  C4Ta 


l«r»i 

ice.cc 

68.  i 

77. CC 

56.3. 
3*. It 
1«.2C 

».tc 
•16.2c 
-3*. to 

-72. is 
-9C.20 

•iic.sc 

-13C.C0 
-151.60 
•i64.cc 
-183. tc 
•scc.cc 

-2i».»: 
-235.3c 
-25*. 7C 
•269.5C 


2*90C 

3-72C 

3.68C 

2**oC 

3-54C 

3.5*C 

J*5jC 

l.**C 

J*3*C 

J-22C 

2*13C 

2*0X 

2*9*C 

**94C 

**92C 

*•%*: 

3.00C 

*>9»C 

2*92C 

*•72; 

2«5*C 

2*52C 


•19. 8C 
•34. 2C 
•55. 4C 
-74. 2C 
•91. 6C 
•1C8.7C 
•124. 6C 
• 1 *9 , 9C 
-144. 7C 
•182.70 
•2C3.CC 
-222. 5C 
•244. 1C 
-258. 5C 
-275. 5C 
-292.ee 
-31C.2C 
•327. 8C 
-3*7. *C 
•362.CC 


3 *844 
2*905 
2*022 
• 944 

••092 

•l*ICl 

•1*987 

•2*446 

-2*99? 

•2*99» 

•2*:C4 
•2*197 
•1*275 
• *994 

•288 


.450 
• 7CO 
*750 


»E*st«tD  Ck*^g»  eiSTfciet’ieN  u * iceetL/veLT.p 
N8*»6Lllce  C*T6 

'*  t*W**(3  isf»l  U'(ti 


•72. t; 
•92.CC 
•lll*5c 
•13C.*C 
-1*8 .eC 
-166.ee 

-123.4: 

-2CC.5C 


21.42C 
16.C2C 
l***iC 
12*9«C 
l2*2*C 
11.86C 
U.4.C 
1 1*26C 
1 1 * 1 6C 

u.cac 

lC*9aC 
ic.a«'C 
IC.72C 
1C.4«C 
2*820 
2*  72C 
2‘1-C 
2*180 

I'Xl 

1C.06C 

ii*a«c 


•2.5C 
•8.6C 
-15. 3C 
-39.CC 
-53.7c 
-72. 4C 
-92.CC 
•111*50 
•1 3C  **C 
-148. 6C 
•166. 8C 
*183. 6C 
-2CC.SC 

•217. ac 
-236. 2C 
-255. 8C 

-297!se 
•314. 3C 
-336.ee 
-353.CC 
-369.6c 


21.4SC 

15.8*4 

13.S9C 
1C. 414 


•7.23) 

•9.457 

•1C.49C 

•10.779 

•1C»C*1 

•8.2*9 
•5.443 
•2.384 
1 . C 1 • 


*.239 


..93* 

•2*348 

•3.80C 

•7.4 J* 
-9.865 
-11*336 
•11**33 
•1C  **77 
-4.489 
•5*773 
-?.5o7 
*478 
3*75* 
6*399 
8*14C 


tiSThtE.Tis*  *8  **c  c-*»0(  e*>  ecvi6«cr  44 t?  aka  e«ra  -eis’  eabt» 

**r*t/5E7*k  • . t42*  elT*L/ett*C  • I.C32  Ll/lA*TAC  • *5o; 

■ • 3'C*l"7P**2  Pt  • .012  C/IAPCaC  • .CSC  "t  • 2* 

».  **E*SOB£p  CtBB( k T CISTSIetTle*  Ik  r*/v  8LT 


28*.: 

1C.CC 

• 7.5C 

•75. t; 

•63.CC 

•77.ee 


s8s>>. Ujrc  C*7a 
lk8*2 


lM*»0 

3*96: 

2*8  jC 
2.7*C 
2*  7tC 


ie.ee 

•2  * 4C 
•13.5C 

•34. 2r 

•53. 4C 
•72.CC 
•9e.ee 
•I  C’.!' 
•125. 4C 
-1*6. CC 
-163.ee 
•177. 4C 


3*437 

3*C4C 

2*140 

1*125 

•CCC 

•1*C«6 

-2*0C2 

•2*47C 

•3*C03 

•3*037 


*e»s*«eC  (,*.»-or  c IS7B ibl* let-  :*  "iceeuL/veLT.' 


•9BP»uirc  c * t k 
•*8  S48  42 


• 8.30 
•16.?: 
•3*.:: 
•53.:. 
•71.70 
•91.5C 
-111.2C 


12.96C 
12.i*c 
1 1.92C 
ll.C*C 
1C.94C 
11.24C 

U.c*C 

1 1 *6  *e 
13.76C 


•2  .CC 
•t . 3: 
•16.2: 
*3«*C'. 
• 53. CC 
•71. 7C 
-91. 5C 
•111.26 
•13C.5C 
•1‘C.CC 
•168. 2C 
•181.CC 


CkBj  4l 

21.587 

15.832 

19.875 

3.7*3 

•.269 

•3.963 

•7.324 

•9.661 


..  i59 
-.673 
•2. CIO 
•2.93C 
•3. *62 
-3.6*C 
• 3.319 
•2.797 
•1.96C 
-.918 
••127 


..75* 
-2*3lC 
•3.973 
-7.2*7 
-9.»11 
•11*217 
•11*036 
•1C  *?ll 
-6*577 

•*•520 

•2*389 
• 2*C 


J 


1 
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TABLE  3.4  (CONTINUED) 


ciSThib^Ti#*-  ef  cc^r**  a\c  charge  ok  et*Efi*G£  amenka  over  -bist  earth 
Al^Al^ETAu  , .0*38  8ElAt/BETA£  . 1.C11  Ll/IA^CAC  ■ 1.50C 

• • 300. W-l  °E  • .Cl*  C/lA'CaC  • .lOC  • *' 

A.  l*E*Sc**ED  CV.RREAT  0 ISTR  181.T  18*  I*  "*/V  Bt  T 


3*.  CAT A 


-.BRPAL 1ZCC  CaTa 


11S.CC 
ic7.2: 
*7.»C 
67.9c 
51.00 
32.2C 
13. 2C 

-6.6C 

-26. *C 
•<5.6C 
-63. 6C 
•81. CO 


•5c 
-a—  *5C 
-188. AC 
-213.5c 
-228.8; 
-2»7.CC 
-253. t; 
-780. OC 
-297. 3C 
-312.5c 
-332. CC 
-3*8. Be 
-367. 6C 
-388.ee 


KhaG 

3 . 6»C 
3.6*C 
3.S6C 
3.38C 
3.32C 
3.22C 
3.  l*C 
3.o*C 
3.0*0 
3. 0*0 
3.0*0 
3-080 
3. IOC 
3«c*C 
2.98C 
2.830 
2.7*0 
2.700 
2.7CC 
2.7*0 
2.740 
2.820 
2.86C 
2.800 
2.76C 
2.66C 
2.62C 
2. SCO 
2.92C 
2.*8C 
2.**C 
2.**C 


167  Al 

1C.CC 

7.20 

•12.10 

-32.10 

-*9.CC 

-e7.8c 

-86.ee 

-1C6.6C 
-126. *C 
• J *!.»C 
-J63.6C 
-181.CC 
•198. *C 
-2l!.*C 
-232. *C 
•2fC.SC 
-269.SC 
-288.8C 
•3l3.ee 
-328. *C 
-3*7. CC 
-353.se 

-38C.CC 

-397.3c 

•«i2.ec 

-*3J.CC 

-«*e.sc 

•*6  7 . IC 
-♦72.CC 
-SC7.2C 


l6«tAL 

3*62* 
3*611 
3 • *8 1 
2*263 
2*178 
1*217 
•175 
-•868 
•1*80* 
•2*5C8 
-2*9S5 
•3*c8e 
-2*9*2 
•2* *78 
•1*818 
-*935 
**Cl* 
• 870 
1*89* 
2*36* 
2*709 
2*802 
2*682 
2*227 
l*68C 
•622 
*069 


-2*C85 
-2* 37* 


-.7*6 

.796 

2.5J6 

2.981 

3.13S 

2.913 

2.**7 

1.717 

-.870 
• CS* 
.979 
1.761 
2.361 
2.639 
2.7*0 
2.556 
1.959 
l.*l9 
.625 
.319 
-.978 
1.697 
2.190 
2.530 
2.619 
2.380 
.9(6 


1*300 

1-050 

1*100 

1*150 


»CAS«.*cD  CharSa  CISTRieoTle*  1*  RlCCe0e/v8LT.»’ 

68B»AUZrC  CAT* 


•900 

•see 
i.oc: 
1*050 
1*130 
1*150 
1*200 
1*250 
1*300 
l*35c 
1*600 
1*650 
1 • *67 


J 
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C-ASGl  8N  8t»t*»0e  86TCM.A  8»t«  *818’ 

BlT»t/eCT»C  • l.Ctl  U/i**”C*C  • J.OOw 

B;  > 262.0C6M-S 


lilSThlBoTlBN  «r  Cl9rE 
*L»»L/BE»»W  . .C*3t 
■ . 1.10.CJ--Z  PE  • .01*  C/LA'CaC  • .ICC 

A.  •*E*SOSEO  CCtBfcKT  SJST«JetTIeK  JA  8A/v  BlT 


ia-  :ata 


88. CO 
6*.:: 
•*.cc 

1C. SC 
l 1 .60 
• 7.vJC 

-24.50 

•til;; 

-8C.5C 

•1C*.2C 

•ll».6c 

-iJ3.2C 

-lSi-oc 

•J7C.CC 

-J88.ee 

•2C8.CC 


nBb-aL  I2CC  CAT* 

1 N-  aO  IAEA/ 

1.76C  1C.CC 

3.58C  •»•« 

3.5  .C  .J*.CC 

3.36C  -32.CC 

3. j.c  -fi.ee 

3.22C  -6S.5C 

3.160  -88. 2C 

3.J2C  -lC7.ee 

3 . 06C  -J25.5C 

3.08C  -JaS.CC 

3>c6C  -J63.2C 

3.G*C  -16C.se 

3.C8C  -2C8.2C 

3.r*C  -215.8C 

2. B.C  -iH.iC 

2. Bee  -251. OC 

2. 86C  -27C.CC 

2.76C  -2*8. 4C 

2. BOC  -3t8.ee 

2.76C  -32*. *C 

2 . 7*C  -368.ee 

2.76C  -38C.ee 


•Cf* 

* *312 
•!•?** 
-2-823 
-2»B6B 
•3-C9C 
•2*716 
•2.872 
•1*741 

* *B66 

•oco 

•He 

1.72* 

2-3C* 

*•*3* 

2.76C 


-E*So."ce  e-ABOr  CISTsiBo’ieK  !*•  p ICCBGl/vBi  T.» 


sBbxaUZCC  C a T a 


•>.C5 

•ll.CC 

• 1 7 .20 

•35. SC 
-B6.20 
•73. 5C 
-B2.eo 
-1C».5C 
•J27..C 

•J66.se 

• i62.' : 

•rl*.5C 
-234.8c 
•255.5: 
-273.4C 
•282 .CC 
-J08.*C 
-32*. CC 

-367.8: 
•1*2. OC 


2C.B2C 
l 5 • 360 
J3.5-C 
1 2 • C C 

u-u: 

I1.26C 

ji.iac 

J1.06C 

IC.B6C 

1C.44C 

IC.16C 

ic.c*c 

B.B*C 


-3.ee 

•ll.OC 

•J7.2C 

-35.se 

•S6.BC 

•73.8C 

-B2.ee 

-J27.ee 
•1»». sc 
•jt2.ee 
-itc.se 

•1BB.2C 

-2Jt.se 

-23*. 8C 

-255.se 
•273. 4C 
•2B2.ee 
•BCS  .*0 
-32t.ee 
•3*7. 1C 
•3t2.ee 


2C.BB1 

JS.OB7 

J2.B36 

B.74B 


•ic.c*c 

--•317 


• 4CB 
3.484 
4.1*2 
8.17S 
t.Bll 
12.2*3 


_ • 78 1 
■2.565 
1.016 
3.158 
2.98* 
■2.5C7 
1.767 
• . 89C 
• C*7 
1..55 
1.770 
2.35* 
2.762 
2.8*0 
2.616 
2.2C* 
1.51* 


•6.9*6 

-9.2B9 

•i:  .815 
•11.173 
•1C.*** 
•8*753 
-6.1BC 
•1.201 
• 0*8 
1*2*9 
8.12* 
8*04* 
9.331 

9*621 

9.123 

7.52* 

5-10* 

2.122 


• 050 

• 100 
• ISO 


• 45- 
•7CC 
.750 


tlS’AJBO’IB*  er  CC*"E**T  A*-C  C»ABOI  BC»t**6l  »67|KN*  Bvf«  -BJS1  IABT" 
»Lt*t/BC7*t  • .0*3*  Bl7*L./BET*C  • l.CU  tl/i*pC*C  • .SOC 

' • lOC-CGt'"*  pl  • .01*  C/lA-CaC  • .100  «L  • 2* 

A.  *■[  AStBIC  CJ.44IM  e!*T41eeTlB6  1*  -A/V  Bit 
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